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INTRODUCTION

FIHLD WORK AND ACENOWLEDGMENTS

Pl purpose of this vepart s to set Torth the eosudts ol vir

i geolowionl aud palacontological investigations of the Perti-

aed forabionsof Wiadtern Windhington, enrrted on by the wintey

Pronr 1007 f0 19 TE oot e beonmnde toosubidivnde the

Pertinry deposits upon a steatigraphical and palacontologieal

Basrs and 100w peelimbooey maanner to determane thee avenl s
1

Eribition A shmbv b bosn vl of the stoos soderme into

enel Foaiakion, the conditions pnder whiel they weve deposited,

o ehiimeter of the Daona contaied thevens mand the strietinl

conditions under which they appesr. Geologieal maps aveony

noy bhis repoets upon whiels the davger part of the datn hus

s assemibied

Phe sren embraced in this report oxtends framn the western

Foothnll o the Chciale Mountains westerly bothie Paeitic Ovcan

sl fron Uohmnbia Biver vorthward toothe Steaat of oo de

Puea. The centeal portion of the Olvigpie Ponnsula is exehaded

ainee onbyoa-hasty reconnoissanee of-this region bas been wade

P novkions of Wosters Washipobtan lovee heen eoonned
1 &

anlv i prelninary manner bob other porbions have hesg studied

¥

inommabe detail s Rovey traverses Bave bBeen saeved from

Giravs Hubor govthwerd along the seean shorehine to Lape

Flattery and frow thal poiit easterly along the Strat to

Dhungeness Rivero Smnlar traverses have been made along all

the miore important streams where there swere sutficiont rock exe

postres boowarrant sucl Observations on the strike and dip of

thie sedbmentary roeks were taken wherever possible aud thes

wore difimtely tiod mite shations on the Boes of draverses D

tailed wensuverments wore mude in fect of cach stratum cxposed

Forthe purpese of eonstrueting strabigraphic seetions

Wherever possible collections of fossils were made and their

sxnct localitios Hed fonto troverse snevey hnes. . Anoellort was

minde baoreeard dhe position of each mdividual stratmy Tram

DNR-00005001
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Phe Fertiory Formations of Western Washinglon 13

which fossils were takon s vefer eaeh to soie poant on the e

(oA e Ry e

e lacge areal geologieal map of the westery part of the

state o been o eonstruectedbon bhe seale of one anehito seven and

oneshalt wiles. Upan this the geograpliiend disteibution of Hhe

several formations involved have boon reprosonted by eolors. In

Flinse plaw where e emcaet Bobwion fariiabioms oan be dehs

nitely determanod, the pasitions of the contaet Lines, s drawn o

Pl i aieoenrreehs o B B e byoianss adeas wheve Hhe cons

Lok S pelations nfe ehsinre av o enbively o conipeatind, bl eontaet

Hnes have heen deown front the best evidlenee ohitamable I

Hieme veoons where bl pre-Pleistocene formabions e oo

coplid bunenth o wrent thickness of glaeial deposits, the surtaee

godogey bas been desioonted as Pleistocene, However, where

necasionnl auterops of older formatuns progecl theouoh he

deft soons to dmdionte the probuble nee ol Hhe underbrog foemae

tione the pre-Plestocone formations have beon given the voefers

CHCE IR g

Phe arca dnvobved fn southwestorn Washington, from the

sontkh ks of the Olbvmpie Mowtams Lo the Calombia, was

mapped onoaosende of one-hall fnck to the nule. A belt bordening

the Olvipie. Peniasoda feom Gravs Tabor novthward avennd

Cape Flattery and easterly to Port Anpeles s been mappad

piossuniie seades Another nop has beenconsteoebed on the

seade of one neh to the mile, extending west fo enst frone Kitsap

Cotnly ncrass Seattle to the foothills of the Caseades. Tlpon

this have been doeated all ohservations taken upon strike and

dips s well ws contaet Hines betweon foemtions,  The probable

wosibions of all anbichines and svachnes, wherethey can be s
i :

termaned. have been nserted. Where Bhi conticks ave dehuite

they are ropresented by continnous lines & where only proximate,

by hroken dines

Altagethior abott teenty months were speat nothe fiekd an

aveal mapping. The vemaining Bme at odd bdevenls has been

devated to oflice work m preparing the apaps and reports. The

writer has beay assisted in the feld work by Messro Uharles R

DNR-00005003



Fettke, Donald Ross. Olaf Stromme and T, A. Bonser in 1911,

el by Chavles Landes in 1918,

The volloctions of fossils have heen ddentified and oy be

found in the Palacontology eollections of the University of

Washington.

HISTORICAL REVIEW

The earliest records concerning the Tertinry formations of

western Washington are to be found in the reports of the Wilkes
Exploring Expedition, published in the year 1849, Examina-
tions were made of the Tertiary formations along Colunbia

River by James D, Dana.  Other mewbers of his party examined
the small valleys entering the Columbia from the north side, in-
eluding the Cowlite. . Hecords were mude of the ovenrrones of
Tertiney steata along the shoves of Puset Soind sould an the
vieinity of Bellingham,  Collections of fossils wore made at the
toswnof Astorine - These were defermined and deseribed by 1 A
Conrads who recognized in theme aovery elose relationship to the
Migeene faunas of Marvbind and Vieginia,

After the appeavance of this report very Hitle was written
canverning the seolagy or palacontology of this region antil
1867, when W, P Blake published sevepnl arvtielos on the eoal
formuntions of Washington Territorv. In 1870 Dr. Robert
Brown in a paper on the conl ficlds of the north Pacific const
deseribes conl deposits as appenring ot Clabam Bay, Belling
b Bav, Cowhitz Vallew, Issaquab, and Stillaguamish River:
He regarded these as being of Tertinry age and also recognized
the existence of Pleistocene Honite seams in the seweliffs of
Puget Sound.

Erom 1870 to 1888 pumerous short papers nppesved vefer
ritgr 4o bhe peologival condibions in the Caseade Mountuins and
along Columbia River, but ave confined chiefly to a desceiption
of the basaltic lavas. T 1888 u veport appearved by €. A Wihite
on ‘ of Washington Territory, which was i

DNR-00005004
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he Tertiary Formations of Western Washington 15

This formation was thought to bear a close relation to the

oaramge A collechion of womne vertehrate fossils was made

and reported as oceurring in bluffs along the shores of Du-

winmiish Yallewo A Dist of these was given sind ther wore peforved

i

tothe Degon borizon ol the Boeens

1o 1808 0 the Corvelabion Papers onthe Boesie and Noos

come of the Uaited Statess by Wl B Clavk, W 1L Dall

G B Haresoveforenee wos nnude boothe Tarbies bovizons of

wostorn Washimeboon o The conl beuving hovee of Hie Poeel

Group was placed o the Boeene, I owas suggestad however

that it mieht be in part of Cretieeous nges - Mineone deposils

woere recognized ns the equivalont of these af Astoria

oo 1906, repoavte b eonsuderable detadd were pahilished by
I )

Bailey Willis on the "Perbinry conl fidlds of King. Pileree and

Whateom counties:  Detatled wreal geologio mapping was be

gun and the steaeture of the formations in part worked oub

Mo Willls veeaomized i Paget Gevoap ns of Bocone dee basod
o =

Gt padadubotindeal v bions wade By U R Raowlion

Phe Puget Giroup was deseriberd as having been depostbed un-

dow pstuarine voudibions el bo possess g thiekness ol pvor 190

G0 Fech. Marine Miocene deposits were veforrad fo as resting

imeonformably apon the Bovenos B 189 0 veport was pule

lshedd b 0P, Kinhadl on the phivsiographie sealowe of Pogt

Saund Basine The hirger part of this paper was devoted 1o a

:fox(‘l‘tpiimi of the ghwmt :h_-pnﬁﬂs; sievoval loculiivs wori polfor.

vord ta whers Bovene and Miveene vuterops wore examined. Iy

1898 the volennie rocks wpotaod around Mt Radnier wore de

seriberl by Gheovge Db Smith

Pho alidor Mesazore and Pabwcosoie vacks of Bhe woktorn

slope of the northern Cuseades wore deseribed i a proliminary

wmnmer by LoCh Russells "Phese Tormmbions arve of anberest he

eatse-they form the basement comnples vpon which the Terbinry

chradn rest.

I 1901 and 1902 the State Geologienl

work wa

DNR-00005005



18 Bulletin No. 13, Washington Geological Sureey

described and their approximate aveal extent represented upon
a geologieal map.  The distribution of all formations in the

woestorn part of the state as they were known ab that time were

shown upon this map,
A geological veconnuissance avaund the const of the Olympie
peninsula was made by Ralph Avoold in 190E The results were

wiblished in 1906, 1 which he recownized the existence of an
} &
old series of partly metamorphosed sediments constituting the

interior of the Olvmpic Mountains and the presence of Eocene,
Oligoeene and Miocene formations around its horder.  The
Oligocene-Miocene strata were not differentinted and were re-
ferved to as the Clallam formution.  On the Pacifie coast of the
Olympic peninsula certain fossiliferous deposits were noted on
the Boguehiol and Bavther south ab the south of the Queninlt

Hiver.  Ble vegarded these as of upper Mioecne or Pliocene age

Lo bhe sime vear n pper appeared by Hhe sine auther on
thie Peebons of the Pueilic Consty in which several vew species
were dleseribed from Wichington,  Beference was munde o sev
eval fossiliferos depoats an Cowlite and Clehalis vallevs, as
well as adone the Steait of Juan de Foea and in Poget Sound
Bostaerass from Bealtle . Luberan 18908 Dy Arnold published
a paper on the envivenment of the Tertiney favnas of the Pa-
cific Uonst af the Umbtad States, in which the several Tortiary
horizons of Washington were correlated with those in Oregon

and Californin.  Focene, Oligocene, Miocene and Pliocene forma-
tions were recognized.  In the same year Albert B. Reagan de-
seribed the geologic formations in the vieinity of Bogachiel aud
Soleduek vivers and listed collections of fossils made there and
along the Steast of Juan de Fuea. A considerable nuber of
new species were plaeed on record.

in 1911 a paper published by W. H. Dall on the Miocene of
Astoria und Coos Bay desceribed several new species of marine
i hrates from Washingt da

DNR-00005006



Phe Tertinry Formations of Western Washington 5]

geolopy of the southen ened of Vancouver Liland in which the

geolosy of the Mweine depesits o the north shore of the

SEpaat of Juan de Faewowoere desenithed.

T 1902 e paperawns assued by Hheoweiter o the Perbiey

Palacontology of Western Washington, in which o considerable

sinber of new species wore deseribed and Sgoed The geolog-

weal horizons of the Tertiary. as vevognized ab that tie, were

siven as well as g bist of the characteristie Taung

Ba 19192 o paper was ssuel by Srvookd and Haonmbal on the

shrabigennhv of e Torbiary farmations of the Pacilic Novihe
Ly

west,  The fornmbions of Uregon sod Washington weve corre

Fberh wilh o anether aad o new ehssleation oF Hhe Porbiary

horizons was seb forkh

BEBLIOGRAPHY

P b Followine Lst of veforenees boothe hfepabiee coneone

iner the geology and pabieontology of western Washinoton only

hose papers duove: boosgunted schueh have eonbiibated sonn i

peck aformation coneermng the Terbievovockss Nunwrous pie

pors e o esisbones whooh cofor boothe topoeraphical Tentares

ar vennomic prodicts of this part of the state, It which add

na fucts to Terbinyy poology probloms. Hhe follawig roler

Sees are peevded s mparkant inoa histerieal viview of peev

e e patar

Soc AW o O e e Shrra B ko e T ieed Sratess e plorine s s

P e s N R R

Theoonly noles peferding o westecrn Washingtan weology

s the “teap dikes” woeonnberad o Cowlite River and the b

colbie Howes oo bhe Bionks o the Uolainlia

ERAS e Tioows s Bnbrts c iGeoemn v el Oregonand - Woshlnelon

s work deals ehietly ekl the hslonead deveiapiint and

aolorizabion ol Ohegan ol Wishineton A delenpbon 1o o

ol the penpraphy of B westorn purt ol Washinebo s kaow

b L
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1848 Dana, James 1 Notes on the zeology of Washington Territory,

%

Wilkes Exploring Expedition. volune Xoopo G1ER20, G266ds,

Lhs.

In thiz report o deseripbion s wiven of some of the geologieal
features of Washingltou which was Hhenoa part of Oregon Perrr

tory.  Basall was observed as ocenrring in places along both

sides of Coluinbia Wiver. Pertiory sedinmontarios are desgreibed

at Astoria and seross on the Wishington side of the Colunibia

and are suad to have o thickness of 1000 ta 1200 fat Similar

stratin are mentioned 1 Cowlitz River valley and along the

shores of Puget Sound.  Collections of fossils mude by Dana
have been deseribed and figured by T A Conead, My, Convad’s

conclosions concerning the Miveene age of these faunas may

well T quoted hore:

HRram the dmveshioation ol the fasile proviously vescived
from Mr, Pownsend, I bad arvived at the conclusion that they
wore ol the geologienl cra of the Miocenes and the specimons
you sent confiem the opinion. 1 do oot recognize, it 1s true, any
veeenit specivs of the coast of Califormin or elsewherc, bt peither

ix there any sbell of the Focene periad, nor hus the group any
reseniblunee to that of the Foeeoe,  Un the cantrary, i forms
s decidedly approxinmate to those of the Miocene poriod whivh
oecur i Great Beitain and the Uoted States. Nueula divard
et for instance; elosely resembles No cobboldine {Bowerby)

of the English Miocenes and Lucinn aeutiineata enn senrcely be
distinguished from L. vonlracta (Say), o reeent speeies of the

Atlantic const and fossil in the Mioeene beds of Virpinia. Natiea

heros, a shell of similar range, is quite as nearvly velated to the

Noosweea. A suntlar number of speeies might be olitained From

some of the Mioeens localitios of Mavvland or Virginia and vet

no recont specivs be observed among theme In the Bocene, and

also in the Mioeene strata, there ave peeuline forms which ob
tain i Burope and Ameriea, and althongh the speeies differ, vet
ihey e so nearly allied that this eharaeter alone, ndependent

of
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Ciihbe Georees Ao reonnnalseanoe ol e dounty Ivine dipon Bhoniwater

Pay wnd Puger Seund: apon e meology ol the penteal pottion

pEoWashineton Tebciar e latlvoad: Mepars, wadiioe

hinian

§ogeneral vooannaissitnes repart o the peogvaphyoob bhe

=

vewion,  Preachyte vocks ave referred to as vecirring shanit AR

Raimier wnd 50 Helens sl evvels sl sands o the Posed

Saund region

RE Bladies Wikl e R e e el e eea o i ng

e bnhed Bhes b Briish o Provinoes = Adienisans horana

i

Ehneaeol series volnme 220 s BREBIRD

o
e

Fevenes ds mmde to e faet that oo Mareou's genlogieal

smprof the Daibed Sbades the vaal Helds off Paget Sound wrenope

vestiited s upper Uavhontorous o Moo Blake states that mall

the evidense that enn be produced conevrning the age of thes

(fi*}msns shonecbhowe tosbe Torbiary

T o Mewarry R Unat e B ndham Bav e Paoihe Ballrond B

rhdovolnme G part o preha-nR

A oseebon measuesd m the Bellinghom Bay regon gave 22000

feot of shales, sandstones and conl of which the conl [rresuiils the

i

GHorInons nguregate of P feet, The stratn of Belhuohan

Bawv are beliovad to e ol Miveane age and closely reluted 1o the

shales of the Unlumbian and Coos Bay,  Menlion is made of the

aeeurrenee ol fossl phmr‘

TRAT Mok R B o Ueeiaceons kel o Vandouver qod Sucla

Fsltids < Tradsacilons Aoy Tnstinae, solnmw 0o ns 000w

1

Blabnael B W Desdviption ofonew dosslls ram the Pertinre

Fapmutions o Opegon and o WiahilnEion derciiopies and e

nretaceons of Manvonver [slands Uransactions of the 80 Louds

Academy ol Selsnee valune bopns 1R

(Ras hasimwreny L, Hpeoieg ol Dol plore dronco Beitline b Bay

e Rmerivan Shonrnal ob Bolenee,csecond pevien wolanse 27,

i abBanY

This weticledesenthivs several species of Tossi] plaats eotleetud

by Dheodobin Evans ot Nawwame and ot Bellinghown Bay: - Those

=

b Hor place wree Prow the cond m are regarded

as of Tertiary age.
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1858 Heer Oswald: Fossil plants of Vaneouver and Bellingham Bayv,

wAmerican Journal of Science, second series, volume 28, pp

Rh-R4,

Certain speeies of fossil leaves from the Tevbiary strata al
Bellingham Bay have g very elose relabionship to species of the

same geologieal horizon m Europe.

ES61. Meel, PR, Deseriptions of new Cretaceons fosslls from Vane

eauver and Sucin islands ~~Proceedines  Academy of XNutural

Stience, Philadelphia, volume 13, pp 8142018

1860 Newberey, J. 8 Deseription of fossil planis from Oreas [sland,
Bellingham Bav, éte—Boston Journal of Natuval History, vol

ume 7. opp. GORAYL

136, Blake Willlam P Notes on the brown voal formmation of Wash:

ington Tervitory and Drevon —California Academy oi Seience,

Procesdings, valume 0, p. 217

A brief deseriphion of the conl measures ot Bellinghan Bay,

Phey are said to dip at an angle of 70 and strike East 15

e

orth, and to have o thiekness of abont two thoveand Tt He

reports ten workable cond e intersteatitiod with six or seven

heavy beds of sandstones and pumerous steatu of bhituminous
shales stobes elavyivonstone and thin beds of sandstone. Pao
well preserved shells of the genus Poeten nre said to have heen

collected, Reference s made to the oecurronee of cond on the

banksof the Cowlitz River,

N7 Beown, Dir Robert o Glacial seraiches negr Bellingham Bav

Wiashineton — American Journal of Science, valwme 5000 e

Heferanee s made to e presence of Hoting and grooving

as evidences of wlacinl setion ot Schome v Belbingloon Bay,

18T King, Ularence,  On the discovers of actial glacisrs o the

Hiothtalns of the Pacilie slape — Anieviean donenanl ol Belenee

salitinie WL nn 57067

Dresevibes the seneral eharaeter of e shaiors oo M R

nier and states that they are the prineipal souree of the following

rivers, vie. Cowlite, Nicaually, Puvallup aand White,
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RO B e D Rbhenl Om e g eranhieal siriba o n wnds plivgls

e hataeterisllioe of e conl Helds of dhe Norih Pacitic Const:

Pransactions Dilimbareh Genlooiva b Savivry walime L nay

i e o

IRTH Denald T ephann memainsg ol sonhwestern wann of Washe

i on s TR e b rieans Todenl el D Reiaee s wo e 1R

43 £

PRROCWHTHE D Tdley) Wenorr oo dHe voal Belds ol Washingion ek

Popy-TParioh e ol e Eatied Statos voliae XV pps T

Tl

PThe eonk beaving steabaave deseribed as extonding up Hie

Corwhity vallee doto Prasel Sound amd as Furoas the foptldls of

the Glempic Mounbains around the vorth boeder to Uape Platb-

tery. Those of thie Puget Bound vegion are veferved to as the

“Livrann.

PR cont mbasures of Hhe Puoet Samml basy consist ool

siternating bids of vellow andd gvay Hnegramed sandsions

sl very fine ey arenaceaus shales bessteatified with any

Beds ol cavhonaveons shale aad vond o the dndividiad stvatio ot

sandstone and shales Traow 90 b 800 foet thick, vaantain the

sare wenerad charaeter whorover observall and no welldefined

hovizon b oo Fovond seliiehovnght seeve as o dudex o corke:

late the widelv=sepnrated exposures. Leaf impressions veeur m

hath shades and sundstones wesoerted with s

SPhe hiest seebions ave those shtuined o the Wilkeson aud

Girecn Hiver fields, aod deseribed in detail s their propey cone

neekion, Hhough even they are ineomplete s of these oue pivis

papimtn oot BL200 oot with aopeebable mediiune of - BEGDO

Feol oo seeond, <t Toss eomplote, msasares 7000 foet sl the

thivd. on Greeen: River, Res between 6200 soid 8200 feets ang

thes seetione do oot i cibher ense poneh the lots of Bhe enald

measures, as the hase of cach 15 an anbichnal axis and the top

the highest oxposure, genlogionlly speaking, beneath the vl

catoe Hows e deitbbeds - Sueh figures challenge confivmation

bk they nee the vesult OF aeeurate suvvevs and caveful obsérvas

Lon, amd are only invalidated by the possibility of undiseovered

Eanbbs, of whieh the seetions have vielded no prool under elose

ko

he fossils ndieade the mamtennnce of fresh and brackish

wabvr vonditions Hiroaeh s oy perviod of deposition; finply-

inge that the ceneral rate of this profound subsidence was the

same as Hhat of aeenmulation of sediments
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24 Bulletin No. 13, Washington Geological Survey

1881 Brockett. L. P Our Western Ewpire~San Franelseo, pn 1185

1214,

The following statement is made coneerning the weolowy of

Washington

HPhe shores of the Pactfie, the lower valley of the Columbin,

and the great valley drained by Puget SBound, are Tertinry and
Quinterpary : Hhie isbunds west of the Canal de Haro i the Galt
of Geargia are Crebiceons: the vieinity of Bellingham Bay s
Carboniferous : the Coast Range is Bozoie; the Caseade Moun-

tams to shout 47 40 and the Great Plains of the Columbia
River in eentral and eastern Washington, south of the Spokane

River, are voleanie,”

1REE SWhite L AL On the Puger Group of Washingion Terrltory —

Afnerican Jdmirnnl of Sclence, thivd series, volume B0 ppodi

1R

This puper deals with w colloction of fossil mollusen fram the

Puget Group of Washington made by Prof. J. 8 Newberry.

The speciesare of breackish water origing Two speeies werp
thought to be closely related to the Laramie of the Rocky

Mountain region, Several other gonera wore not known to oo
cur b sy other place o North America. Mention is made of
steatn contuining a Pejon fauniin the Duwamish vallov. These
sbeata were corrdlated with the upper povtion of the Puodt

Ceroup, . The steatnoof the Puget Group were ponsidered to huve

heen deposited in estunries,

1889 White, €. A On invertebrate lossils from the Pacific Uonst
Lnlted States Geolosieal Barvey, Bulletin Noo &1

To this veport reforenee is made toon eolleetion of fossils

suid b eonie Proms “Fossil Blufl, Duwaanish River” The veuion

referred o ts probably o the viemity of Duwamish Station

Ple following is a dist of the specivs eolloctald: “Oplichni costato
Gabb, Conws hornii Gabb. Lunatio nucitormis Gabh, Ledn pro-

tewta Gabb, Ewspira alveata Gabb, Fusus diaholi Gabb, Thr-
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sils oeenvving o those steati wore deseribad, To g corbian o0

tont they have woelose stmihioity b the Laraame, Thore v

viany fomis, however which bave over beanobserse i the

Laranie and which are peedliar to the Puget Group, The tern

“Puget Greaup” i beve applicd Yo this beackish water deposit,

PROT Uik Wi B Coeredation Papers: Hocene—nited Bhalus

Gealbsionl Burver, Buolletih Noo RS0 poo oo

An- historiesd veview i giver coneerning the- literature on

the Puget Group i Wishimpton, TU s sogpestad that the

Buget Gronp may be iir parl Crelaceons and toopart Bocene,

RO White 0A Correlation Papers: The o Creticepns o dinirel

Rigtes Geologieal Suvves Bialletin N

The npper Uretresans ovUhico fovmstion s the cosl bearing

Formmbion ot the woeth of Naneouwver Taluid  The sane fornume

How is kaowo tooappear i the San Jose Bsbaude o bhe blide o)

Wishingrbon,

ISBE DRl Wi H Ao Hadris GO0 Covieliition: PRberss Neteeiio -

Fuited Srares Geologioad Survey o Balletin ®Bbop 255

A the tooe this report was avitten very B sas hoown

eonvernme the ovenrrence ob e Minesne deposts within

the state. I oas stated (p, 28H) “silleeous cists of mollusean

fossile have beor eollocted at various poiuts on Shoalwater Bav,

which sbow o syochronism of the deposits b which they ape

found with both the Locene and the Miscene clay shales o

Astoiac Dhe storin badb atevape ad Beaceport and olsewhere

A Phovene deposit bas ooy observed by e Condon i blos

vieinity which, fron e ot ehhractevistic Tosail aav hie ealled

the Myvtillus bod I fueoshod speeiniens of Buecenium cgonem,

Maytilbus - condoni; Crepidala. Peeten and Panopoen o this

overtaie by Plosboeene Foraabion, the devel of awlaeh s Brow

S0:-ta 40 foet whove the seal s Onopage 201 marine Phocene i3

poforved fo us secuering ot Shoalwator Bav, 85 feit abmve son

level. The Tossils exdobnt o boreal Taens
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96 Bulletin No. 12, Washington Geological Survey

1890 Corver T B The coal felds of western Washington < Jonrnal

Tiitiols Minbog Tnstiture Mav, 1890 volume 11 Ne Long bl

This paper deseribies briely some of the conl seaws in Wht-
conil, Bkagit, King, Pieree and Chehnlis countbivs. A nuiber of

geologie cross seebions are bserted

s Diller, 480 Nates on palacontology referving to Washington -

Bulletin Geological Society of America valume | po21n

A well preserved specimen determined by Mr. Stanton to be

Baculites was given to Mr. Diller by Mr. W. P. Gayve. It is said

ta have come from Snogualnie River, three miles helow the falls.

Mr. Diller states: "It shows the presence of the Chico at that

point.  The rock is unaltered and lies between the Puget Group

3

snd thiometamorphies.? Carefnl aveal wenlogical studies have
o3 =

beey made in that vepion and nb sbrata Bave béen found which

eould be assigned to the Cretaceons. I was andoubtedly de

rived as a fragment from the glaciad deift which in that vegion

heavily veneers the country.

18 Diller, 1 8 Tertinry revolution in the topography of the Pa.
eific Coast —Miehth Annual Heporl, United States Gealogical

Survey. (Powelli part 2.pn 4000008 olates | flouves,

1805 Diller 0. 8 A sealasieal reconnalssancde in Northwestern Ore

gon—United Biates Geologleal Survey. 159th Annnal Report,

park o pp M0

The paper discusses the peology of northwestern Ovegon,

)

Notes are given concerning the geology on the north shore of

Columbin River aeross from Astorin. Heforence is made to the

seetrrenes of the very lowest Olisovene strata at Knappton on

the Washington side of Columbia River. The raiced bedeh at

Hhwaea In Washington s deseribed. A deawing is added to il

lustente the uneonformity bebween the older Oligocene and the

overlving Plestocene.  He states:

“At Hwaeoo oo the north bank of the Colimbin neap s

g

menrth, i s exposure of which o sketeh is shown iy figure 8
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ot divinge on the const. Newe the midele of the deposit s dark

sestin of vegetal wattor, s the ehnvacter of the stratiiontion

ia stehoas to ndicate that the deposit b waterlaid and not of

volian origin,

At the base of the il the uptemed vdges of Ehe shades lve

been cut ot bo an even saeface by B swaves, and this wive ot

terpace vxtends maore than 100 vards toward the niver. LThe lap

of Thicchadon, i the R dnoediately hencath the Ploigbosond

Biver is planed off i the sime wav, and 3t is evident that when

this was aceomplished the shale in the Wl top was then st the

sen devel and the waves vollud over it as they now vall aver the

lower waveeenb teeenee to s the heach

The Plestocene eapping of the lull was laad down swhen the

anelont wave-cut torraee was below the sea lvel sloep ciough

fo peovive the deposits we now find there,  Binee then, of course,

i his beon waisad b ik prodent elovakion by i goneral, perhiaps

e o Jess anequand, uplifting of the land along the const”

Moo Diller™s vivws eancerning the Plestoeens: listory ol

Northwestern Ovegon arve of particular interest msomoueh as i

must upply m part at lendt te Southvestorn Washmpton, Fae

tensive pearly hovizontally bedded sands and clavs st nnea-

formably upon older strata up o clevabions shove 600 feot

Remnpants of peneplains ave recognizad up o elevations of 2000

Foot, dnchieating that all of Novthwestern (regon has been sobe

merged perhaps that amount. A great sound is thought to bhave

existeds perhaps similar to Puget Seund.  Aberwards the

cegton was again uphifted o an clevabion somewhat higher than

ab presents - Phe most reesnl movement was a o subsidence sullie

apmrbiallyodeewn Lhe Jower Colainbia nodd Wilbanette

i

6 ]

Frver vall

Ny anwing e bidde doéx b Hpa considerable dis

fance above thetr moath

PRBG G GmEn o0 0 mie eonitry o NsHom ] Geoeranhle Masarine:

valwme Topps 1S

The paper deals primariy with explorations carvied on i

e tympies. Phe goneral topographic fealutes sare doseribod

antl peferenee 38 omnde toothe oceurvence of sandstones and

shiades i the bluffs at the mouth of Queniult River. A\ map of

the i the peport,
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48 Bulletin No. 13, Washington Geological Survey

1806 Suandon, Timothy Willinm Contreibutions to the Crelacenys

paleantology of the Pacifiv Const: the fanna of the Kaoxville

beds —1 nited States Geolowdeal Barvey, Bolletin 148 102 pages,

2 ndates.

The following veferonce is mande eoncerning the aeeurroics

of Kuooxville steatu in the State of Washington: " The presines

of Kunoxville beds i Washington is nferred frooi the oconr.

venee of houlders contudning dueelly crasvicollis near Beattle

and Tacomn and also from the Fael that dueelle bods are well

developed in British Cohumbia immediately north of Washing-

ton. The Taets arve that these bhoulders are of alueial origin

and may have heen brought down from British Columbin by

LhEES,

186 Willis, Bailes.  Geoloey of the Carcdde Moeunining - Tohns Mo

kins University Chronlar, volume 15, ¢ b0

MreoWillis dhates:

“In the Cretaceous perind Puget Sound and  adjncent
arvis of Washineton and Ovegon of letermmmable oxtent
were beosath o sen o whivh Hwestone was the principal
formation: 1 s probable that toward the worth or northeast
in porthern Washington and Breilish Calumbia, there was 4 lon
tand aren consishing lavgely of granitic and metamorphosed

ervstathine vocks.  Phere gpradunlly ensued oo change by which
Puget Bound and the area wheve the southorn Unsendes now oxe
tend from the 48th paeallel southward Hongh Oregon becann
an extensive extuary, in whose waters doposits of sand and mud
were luid down, and armund whose chianging shoves there wope
pinny marshy lagoons in which o rank vegetation Bouvished,
The conditions of estunrine deposition, which perbaps ean be
best exemplified by pointing to one sontheen Atlantic const, en-
dured throughout Eocene and Miocene times, and we know that

i the Mioeene the climate was bropieal amd the pliee of the

Crseidde Range was o swaipy Jowland near sea Jovel . The

thickness of sandstones shadese and conl bads of the Paget

Ceroun is T000 1o 12000 feet or more”

AT Dall, WO HE A table of the North Amevican Tertingy hovizong
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chates poncopnng the Puget Gronp ol Washington: “Lhe con

ditions continued theongh the BEocene and possibly tnto Mioeene

bime. 1Foso the Puget Group may eventually be differentintud

Pk eyl e

LT Rhball ames B Ploslostaplie geslogs af the Pueet Bound

Basinecamerican s Deatogtnt Volione Wy ipp BRERT B0l

phites L A 19

I this paper utimerous outerops of prePlestocene strnta

aeenrring ab various points o the Puget Sound basin nee die

¥ 1
Reriin

TROT Rl Georee Dt Roeks o Monny Hadniey -l Siates

Tenthelend Borvey s IRU AT Bepad b it 3 oy

My Biath states:

SN otoanie vocks of Mottt Baniey nelinke bath ivas

and pyrochstics. The brecons, agelomerates, and toffs, al

though of siriking appearance, are, perbaps, liss mportant

vleneats tn the comsbructn o Hhe catnposite cong,

e davas varyomuch b color aud texture, had those anegn

senpie difarmees nee peforalde wather to the degroe of vrvstal

fization of {he innawin oy to e chemieal dharacter. R

wll‘iaitim: in 8 xh!}lhn‘m -:'nn}nmticm of dhe lavas ¢:3;!n‘vmi~n

itselt mominernlogionl diffeeences, aned thus four pouk bepes are

distinguished o hypersthenc-andesite, pyroxese-andesite, nugite

apdesite, and basalt,  Phe distyibotion of these types indientes

v

i

aoradind arevangement of bive shreasss and by perstheneonnds

eoas Hhe o abnodant vanety ol ey

o~

poite 15 exposed o the slopes of Rainier where srosion

hits eut wway the overlying lavi, and it is plain Bt the voleanie

e vests npoe o elevated platforne of oo vovks apbrosd

ftele 00 Boot abiove s lovid

EROT W Bailews o Giled b iom i hee Paeor Sotoal relon Ao

s Geonlochels valinpe 10, i LIS

TROT 0 Wil Bailev . Steatievaubhy and steneturm ol the Pugel avaineo-

Bitletin trenlovdenl Sochoty of Arperlea yolhune B pp 26

Ahsbrdet of g paper presented boobhe Boeieby Noeust 1,

INOT. A deseripbion i piven of the conl beasing Tornnbions i

g

it

i

King and Piever connties, o statoss They are prevailingly
el ! doeolar, ¢
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Summit of Cascade Range Showing Charaele
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seanitic minerals 1o siheeons eluvs o Bode of concentrated

gunrty sands or conglomerates have nod been obiserved. . Lare

botieeans maberials care geneendbe prosent o we Dragmonts ol

plants, as vegetnl voze in greater or loss proportion to the

other vonstituents and as distinet eonl bods, Lieolor they ave,

when fresh, gencrally bluish gray, shading to brownish blaek,

Phey weatber tohull tints, which arve usually dull. . Most promi

pent anione the rocks associated with the Pogel Group s

vraptives of Tertiney or Inber age. Thuy vecir as dhibes and

Hows i wiens forne of inbraded andd oxtbendud Gontos ks

Phe measuved seebions of e Pueel semes oxlialnt total thicks

fesstal SO0 oot ah Goeoen Rivir, 5000 Toot on South Prorw

Crovks and 0880 Feat o Carhon Biver vanvon Noge of these

st arcoemaplebe s by sael s baniee the lwest sbvaduni is

af the BEocene onteroppiog o an asticline and the highest s

the: ool ool CRpOSUTE whoro the roeks pass ader bter bornae

Hons, The steata of the Paget Series were deposited gpon the

slowly subisudhing botlom of the geosyneline betweon the axed of

thie prsent Caseade and Olvinple vanges. - A shrata of sinilae

copposition: sl ae are nvalved o the mass of e Cascoade

Range, amd probably also of the Olvopics, the uplift of thesy

motntains wis To g greater or losser extent secomplished aftor

w

the Puget BEpocli’” These steata bave boen Foldad. In generad

Fhe axes of these folds trond north and south paradlel ol

asis ol the anteewdent gepsvachine, bat thers are ovidences W

foend steactoves which show that He Toreos of commpression sore

exarbed sivooat vight angles to the greater pressure

t88s - Lawsan, Androw 00 Noteoon the Ubhehalissandstone, Amerian

Teotesich waliane L g R

Note i onmde of some Tossil buaving simdstoies m the all al

Chebinhs, Washington  The poek Pix o sandstone of variahle

elinpacter. For the sost pavt i s soft aud Irinbhle. It is gens

ernile elavey and s oolor varies from bliish gray to vellowishy,

secoriding ta the sbiee of oxidution,”  Possil eolloetod woere do-
a i

ternuned by Me T W Stanton o Sadens Ledie, Tollinn, Yenus,
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Fusus, Dentalium and others.  They are of marine origin and

the strata were considered to be of “Eocene or Miocene age”

1888 Merrlam, J. O Note on 1wo lertigey faunas from the rocks of

the southern coast of Vaneonver Island = University of Cai

tornia, Bulleting Dept. of Geology, voltme 2. Noo 8 ps 101-108

This paper deals with two collections of marine invertebrate

Fossils From the south vonst of Vaneonver Islund. One of these

is from Carmanah Point and the other from the vicinity of

Sooke Bay. Altogether twenty-four species were colleeted at

Carmanah Pomb.  He states: “Phe Fauna of the Carmanah

Point beds scems on the whole to he the same as that of Conrad’s

Astorin Miocene, excluding, however, the lower portion of the

latter series, which has been supposed to be of Bocene age.”  Of

the fauna eolleeted at Sopke fiftv-five por cent are extinef,

Eight or nine species are living.  He states: “Comparing the
Sooke Fauna with that of well-kaown Pevtinry and post-"Terkiary

harizons on the Pacifie Const, we find that six or soven of the

species are known from the Miscene and about an equal num-

her from the Pliocene, nine speeies are found in the Quaternary

and Recent, und seven or eight are not known to ocenr clse-

where, either vecent or fossil”  Dir. Merriam also savs: “The

evidenee at our comnand indieates that the Soidke balds e of

middle Neocene age, and that the time of theie deposition was

considerably fater than that of the Carmanah Pomt beds”

tsR Russell LS & prelihmdiarcy pagor on the Geolosy of the Cag

cade Mounfalng i Nivihern Washingion —Unlied Btates Geo.

togleal Burvey, 20ih Annual Beporn o2 poo K21

Uhis report deals chiefly with the geology of the Casende

Mountains proper. A series of old metamorphic formations

consisting of slates and schists of unknown nge are introded by

granite. Phe Cretaecons s vecopnized in the oxbraine novthioen

portion uif the Caseades and is loenlly veferred to s Ha Shnl

kigneen and. Winthrop formiations.  The Tertiard formations

¥

1

Livis were
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BB W Hatler B eonbRelde of Pogsd Soundleod niipd Bintes

Croodogienl Surves: Blghtoent hooannnal Report povt 3 pos i

AG0 planiE BGR, iiee g

I this report o detaied deseription of the geolopy of the

el benving fornmtions of Plever nnd King connbivs is presonded,

Bueeinl eensuloration s aiven ta the pmeslogie sbrovturie. The

preceding paper which was proseated as an alsbenet covers thie

priveipal points o Hase CEBYT - Willise Bailev: Bteabigraphy

and structure of the Paget sroup.)

TROG W Baihey o Bl b Genrse OFle s aeoinn el et

Shites Benlnegioal Bhevey s Bealosie Allas Boelie 5

Phis roport deseribios the geolose of s onves fovolving parls

af King ad parts of Pleree County Pl aldest Tormmbions nre

of Bovene age and ave representod by He Puset Group. Tl

Puget formmdion i s arenc b deseribed s conssling Vil

interbedded suiedstones, shales, and coal bode apervesaling 100

O Lot o more in thickness, Sandstones prevail.  They are of

varinble composition; testure and color, and ave fregquently eross

steatificd. Their composibion moges Frowi a tepical arkose o

sisting of shebtly washal grmntic minernds o siivemis clys

The sepurate beds vaey from oo few avehes to mgre thas 100

fevt an thiekness, Toogeoeral the stesta srve similay ol aee

suntlarly wterhedded frons bop to bottens The shades of the

Possit fovmadion ave formed of wliceony chivey sandls dontaing

samebinoes eansiderabile earbonate of en andseneeally mon

o lose cavbonnerons wattor which vaves i eharaetie e Bne-

by dividked evganie nmterind fo lnvge foaves and stons, Hhey ace

cordingly vange in color feam eather Bebt ooy and blue ta

Blaekl "Phe lhidr Hinbs wedthiy ol Birdwn thiroligh oiliition

of Thiivon 7 "Dhe prapoetin ol soal hads e axtriandiniry D Care

Fully mmeasured seetions show that the Puset Tormation cou.

b mnove than 190 bedss 0 Dhe vaduable eonl s fonnd an e

lower 3,000 fort of the formation,  The phyvsieant history which

iesrvenrded ni the Povet formabion s one ol persisbint bt fro

quenthy interroptod subsithenes of be aven within wlach the

sidpnonts wore deposibad Phroughont  these - clanpes th
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waters appenr to have remained fresh or brackish.  The fossils

other than plants are prevailingly unios or other fresh water

forms”

The flora s known to conlain ovir 100 species, a vivy farge

nimber of which arve new. The plagt vemains i the lowey bods

give evidence of a tropieal climate while those in the upper are

more closely relubed to those of the present day

“Phe condition of sobsidence which ehavaeterizad the Puget
Sotnd Rasin during the Eoeene perind continued into the next,

the Neocene.  There is apparvently no interruption or change

the s(-tlimmtm*\' sequence to mark the transition, but plants

collected from the upper part of the Puget formation differ
feam those taken from fower portions,and are of Neoecene types,

*In the northerm Duwamish Valley, in the vicinity of Steels,

is an isolated area of brown sandstone containing fossil plants
which are younger than any colleeted from the recognized Puget

formution, and which may belong to a later epoch of the Neo-

cene period. A little Farther northwest in the same vieinity

are outerops of green sand in which ocenr marine fossils of

varly Neocene (Miocene} age”

1899, Diller. J. 8 Latest wvoleanic sruption on the Paeific Consle-

Spience, new series, volume 4. pp 6880400,

Cerbain evidence s presented to show that M 3t Helons

amd ME. Baker were in eraption during the carly part of the

19th eentury.

e Landes,  Heniy, o Coal S deposite of - Washington ~—Washineton

Cleological Survey, valinme 1 Annual Report for 180t pp 255

281

Phis report describes the conl bearing formations of the

Puget Sound and Cowlitz Basin regions.  The strata wore he-

lieved to have heen deposited under estuarine conditions during
the Koeene,

12 Landes. Henrv, o An outline of the seoloey ol Washington.—

on Gedlogical Survey, voliime 1, Anuual Report for
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time, Phe conl messures of Puget Sound arve recognized as of

Bocene age. The sedinentaries in Kitsap County are referred

booas Alioeene, s owell ns the belt bordeving the south side of

e Steait of Juan de Fuea and thie lurger part of southwestorn

Wishington

(0T Landes Heney, g Buddy, OO0 Uoal depestis o Washington,

------ Whshineton Geologldpl Survey . wnluime I ppeine

A mere detaidad diseusso s oenterad ko concerning Hee

coul bearing fornations than in the previous report. “The fol

g cenvealized sbutenent s made;

The ol vwasores of Washivgton belong to the early

part of the Tertinry period or the Bocene epoch, Tu only

very o tanees haeothe b o e coal eisiees bee

found. In the conl Helds of Whateom dand Skagit counties the

sl sivata of the vonl amessires e upon o wmebamorphne

preky womren o schistof gonkoovn aees At the Blue o ANVl il

Cokedale mines the largest conl senms b bat o few dnehes ae ol

the most, but o few feot, above the sehusts. In general o the

different fobls the principal seams of conl Lie well foward Hie

Bottont of e void sevies and henee belong o the earvlier portion

of the spoch, Tn Washington, dhiving Boeene Hime, the shore

Lie v somewhere i the viemaby of the eastern horder of

Puget Bound. amd extohug southward bovowd the presend

winndary ot the stute Phe Olvmpie Mourbains formed o

Frge shand jmediately off the const, The region of the Cas-

l‘?l{ll,‘ :\{(}HH[’& PEBCWLR T gx-nvmi o ob low l'("lil“!.

In the northern portion of the state; however, the Uasendes

were donbtles of consderable haght and the streams Howing

from them possessed of great strength as shown by the conrse

character of the sodiments deposited at that time. The hils

were compossd of praaate vocks ae shown byt oluetoy of

the sediments devived  Peorr thene TThe Tossil contents  and

chavacterof the sedmnents of the soal Belids of BoslvnCleahan

and those of Whateom and Skagit counties show that thes

ficlds represent lake deposits,  In the ense of the Whateom conl

fivld the sediments vench an approxinmte thickness of 20,000

Pk e e nude anoob posisive samdsbones il eonrse v

folds dd fir s lnown the

o bhe wh Lish
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1hin Rmith, Georee Otls fleclogy aml. Physiceraphy of  Central

Wiishington <~ Unitesd States Geologienl SBupvey. Prolessional

Paper Noo 18 ps

Uhe arencinvolved i this paper Lies in the cast centeal part

of the Caseade Mountains,  The defornmtbtional movenments are

of puportanee beeause af L possibleanfloenes on bhe western

side of the mountains.  Conecerning the geologic history of

central Washington, it is stated:

“The oldest roeks, probably of Paleozoie age, furmsh a

roeord of sedimentation and voleamsi but this record has heen

greatly ohseured by the altered condition of these rocks, This

nwhunmpl am in turn tells of the orogenie movenents to which

thie vocks have: boon :«uh'}a‘t'tm{ sl of the netion of inbepsy

LTS,

“Phe great mtenstons of peridotite and granodiorite prob-

nbly hvlung to the Mesozoics and were events of the firsb dme

poartance in the history of this portion of the { asvade Rangu.

The period of erosion subsequent to these intrusions was of

sufficient length to allow these decp-seated bodies to be un-

covered and deeply dissectad

SHeam these eroded older rocks was derived the material for

the Boeene sedinents, and the process of sedinwntation appears

bo hve heona vapid one within this wions siaee sevoral thous

anid feet of granitic sands and other sediments were deposited

in early Focene time, before uplift again inaugueated erosive

activity.  Then began the first immihr epupltions, the fore

funners of the trrv.thvz voleanism of the Miocene, - This valeanie

aetivity was «uvcvmi sbby bhe gquicter processes of sedipeniation,

by which the Roslyn sandstone was deposited momddle Eocene

Hmeo o Somewhat lutm', wioan adjacent aveas the deposition of
I

s

e Munastash sediments took place, and the Boeene period

elosed with the aplift and folding of all of these Boeene formn-

Erears.

B Erasion continued well into the Mioesne within this avea, but

cvasetd with the begimdng of the great cruption of basalt, the

iy Hows of which eovered the greater part of venteal Washe

ington like a molten sen.  Immediately suecveding this epoch

of voleanisin eame the deposition of the BEllensburg formation,

thick deposits of stream sands and greavels, hrought down from

aovolennie aren to thie west,
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“Mowntwin butlding movements tollowed this sedimentation

af the Iater Miveene, anid again evosion began to eul away what
b Been upliftad?

Duoring the Neoesne the region was extomsively penepludned.

Cmesenine Hsoaphife btees be sbatbes:

e ubtimste deduetion ds that, shatever e rebidive pro.

portisn of antectdent and consequent elractir 1o the e
ngre wvatein, thie msoan dhivide Tav the oregter porbion of e lopeth

i thix ares pettber cotneides with aor paeadlels the axes of st

wnrked deformation of the precxistent surfices. The upbft to

which the Casende Range owes its origin was not siniple i type

bt complex, and within this wrens o be rosobeed anto three will

dehnvd Upwiarps whieh, Gioveover, are trangverse Ho the mam

Frend o wagor axisof the vange considered over the lrge aren

bbb o bl

toh o wrnold - Radpho Goldoplicers of the coist ol Washingran, -0 aited

States Gealogioal Burvey Ballebin NooSiboap sy

Crrtian blufts of Plestocone sanids ol gvavels ocotering

saniiee e oesinnssotbh frome Cape Elabbepy vonbnin st amonnts
E e

of placer pold. o These Pleistoecne. deposits vest upon the upe

i

nrned vderes of the older shndes and sandsbon

RO ArnniL O Ralh U U e Uiy Wshingon = nie

Siates Geologienl Butvey o Hallethe Mo 20opc 410000

Ehis report sleseribes the conbbeaving Miogene fornabions

mat el Clallaon Bavy Washington,  Meution s wide of the

Eocone basadis n the viciity of Port Creseent and also of the

pri-Olicocens formations south of Cape Flattery, The Oligo-

cene-Mineche steata sccoreing wlong the Steadt of Joau de

Fuew are desevibed as well as thele thickness, composition aod

shrvcture,  Special mention is made of the coal deposits Tound

i these steata. The more mporiant geologie results ave fo b

found . Mr. Aruolll’s paper on the Olympic Peninsula pub-

Hished the following venr

PeOR e d0 80 Doal in Wishington, tear Portlas = Ualted Bhaes

Cientaslonl Sorvey Balleting Noo S g0 0y

Reforvnee s mde B the oeeirrvinee of conl on Coal ek

i Uowlity Usoote, 12 niles swest of Kelsoo The conl sesm 0 8
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foet to 7 feet thick with two small partings of sand. It 15 over-

lain hy soft sandstone.  He states: Phe bed of conl s anters

steatified with a lot of shales and shaly sandstones well exposed

along Coal Creek near the mine.  'The strike of these heds near

the mine is northwest-southeast with a dip of about 15 5. W.

There are igneous rocks cutting the conl beaving beds in that

region and the strata are faulted loeally.  Marine shells oceur

in the strata 8 feet above the conl.  Among them is the ribbed

Venericardia planicosta, which is churacteristic of the Hocene,

‘The coal is essentially of the same age as that farther north

Washington.”

e Arnold. Balph Ueolaogieal veconnalsdance of fhe coast of the

Olvinpie Peninsula Washingron —Geolozical Society of  Nmerl.

e Bulletin 47, pp. 461468, 4 plates, 4 Aenres,

This paper contains o deseription of the topographie and

physical features of the Olympic Mountains, as well as the geo-

togic formntions and theiv structure. Phe following statement

i5 mide coneerning the gealogie formations:

“Phe Formutions dnvelved in the weologe of the eoustad

vegion of the Olympic peninsula inelude serpentine, old dinhase

or - grecnstone, nm%s«xmm‘plmsm‘{ sandstone and qlmrt'ziter, prrrh««

ably of \durassie nge: 68,000 fect of prav saadstone with winor

quantitivs of carbonnecous shales, supposwd to represent the

fower part of the Puget group and of Cretaceous age: 1,200

fect of basalt and conglomerate, sandstone and shales 2,260

Fect of Phodene conglonwernte, clay and gravel To suddition
to this the Oligocence-Mioeene hrecen contains lnrpe quantitio:

of angulae fragments of bard black slate, indieating « prohable
widespread formation ol this tvpe of voek semewhepe i the sen-

eral region.  Nothing is known of the age of the slate, exeept
that it i pre-Oligocene”

Five recognizable faunas are deseribed us oceurrme in the

Clallam formation along the Strait of Juan de Fuea: 151, Low-

est elay shale (Oligoeene) : Cnd, “above the elay-shale hovizon

iwo series of mediom bedded to fine massive sandstones inowhieh

are found a favna apparently transitional from the clay-shales

to the conrse sandstonos™ : 8rd o horizon of Miscene sandstone

occurring east of Clallam Bay o $th, the fouvth fauna s fonnd
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weny bhe topoof bhe Clallam formation v soslstone hivers anters

hedded with conglomerates : Sth, “Phe Bfth Taunn of the Ohigo-

conesMiocene s that fonnd gt the suouth of the SBekin Hiver an

bedds the senrvalent of the uppermnst steata of the CUape Flate

tery sechion”

The Pliocene ix deservibed as ocevrring o g syaelingd trongh

st the wouth of Queninlt River. The term Quernult formation

wonpphod Sho thesesteatas Phe following statement e mide

comevening the geologie structurs:

SAw dieated by the eaposires alony the dounst, the st

taral Bines i the region from Port Angelos to Gettysharg aver

age approdimately pavallel to the teend of the Olvimpies, north

S0 west, south 70 enst those inothe Gettysburg-Ulalbuy Bay

berritory almast }‘wr[muiim|lm* bo i, o a Bittle endd of narth,

v Hhose o bhe Chatlaan Bav-Cape Flattory strotel nortle 8t

west, south 800 sasty or agam parallel wath the padpes which

extend along the const o this region. A swyneline, with its

southern limb resbing apainst the sandstones south of Lake

Ceescent ud it novthern one braneated hy the wakors of the

skratt of Fueas s the magor steockaral feibiee of the Povk Ures-

cenl-Getlysbure vegton. From Gebbvshurg weshbward Lo the

mouth of the Pysht River the stroctueal fentures are not pro-

noririeods the rocks dn general, Bowevers having a westward dips

Arather brosd syaclineswith - its axis extending in wonorthe

casterlvsonthwesterly divectione oceapies most of the teretory

between the Pysht Hiver and Clallam Bav. This syncline g

camplicated i e southeasters portion by sharp loeal folding

and some fanlting, - The region between Clilam Bay and Cape

Flattery is formed by nogreat porthenstdippimg monocline, the

beds of which appear to have a total thickness of over 15000

feot

“Sonth of the Clallam Bav-Cape Flattery monocline 15 the

westorn extension of the axis of the Olvmpic Mountains. The

sheaeture In the veglon about this Hne of disburbanes is quite

complex, bub us one goes away teom IF towand teosouth the

strictore becomes simpler. - Beveral deterniinable folds - with

aorthwestsonthenst axes wore aoted along Hhe coust hebwion

the (zette und Hob o rivers, and i the vicimty of the mouth of

@

the Gueminlt thivve G5 0 very praminent syneline developed in

the Phiocenc, with its axis paratlid to those post menhions
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= A wyent uplift in the Olympie Peninsula region appears to

have taken place at o pewr the close of the Mweene epoct and

still another lesser nne during the lnte Plhiocene. Lhat orogenic

miovenients are still taking place, or have ocenrred sinee the

depasition of the Pleistocene, is evidenced by the very gently

Faldid and Blked elavs, sibatas and gravels iy the vienity of

Port Angeles”

et Arnohds Batphe o The Tertary and Quaternary pectens ol - il

fornfatnited States Gealogical Burvey, Professlonul Paper

A

Sk

i

Phis paper consists primarily of deseriptions of Pectens oe-

curring on the Pacific Const. The majority of the forms are

frone Califorsine althoneh several new speeles are from the Eo
=

coneand Miocene of Washington.  Lists of other assocted

speeies oceurring with the Pectens ave given.  Among the more

nnportant loealities in Washington are Little Falls, where the

Fovene strata veeur, and the Oligoeene Miocene along the north

const of Claban County.

thd - Bmith, Geo, Otls, and Calkins: Feank U Deseription of the 8no

gualnie Quadrmngle—United Btates Geological Survey, Gealogle

Atlas Folio o Noo 18 bk bases 5o mapss b velaninae geetlon

Phe aren tevolved dg this veport s conbned to the eentral

preck of the Cascade Raoees 3 he weskern portion of the qual

sangle is Inrgely covered with the Keechelus voleanic series which

is of importanee beesse of its probable extension westward to the

Pugel Bound region,

19807 Reasin, Albert B SBome geological stadies of  novthavestern

Wishineron ahd mljocent British tereitory »Ransis Avadony

of Setence. Transactions, wolane 200 pavt 2 ppe 85081,

The lurger part of Bhe area ivolved 1 coverad with ghuiad

drift. Pho preGlacial sediments at Bellinghan sve mapiped as

Fuoeene as are the metamorphies on Lummi Island,  Basalts are

siid to outerop m places just north of the international bound-

ary hne,

o7 Weaver Charles 10 Notes on the bedivock sealoze of the Qv

i Peninsila - Mountaimeer, ph b6

This paper was written from a popular standpoint, It

vecords some geological data colleeted on a trip up the Elwha
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Basin on the way to Mt Olympus.  The eentral portion of the

Olvmpic Range is composed of slates and quirtzites possessing

an cnormous thickness and having o general trend of Narth

60 West

1809 Arnold, Halolh  BEovivonioent of the Teriiary faunas ol 1he Pack
fie Const of 1the United States -~ Journal of Géologs, vohume 15,

New ot prn db9Ags.

The general relations of the Tertinry on the Pacific Const

are discussed. including that of Washington, He states:

“Immediately preceding the Focene period practically all

of Washington, all of Oregon, excepting a small area along

the southern border, the Sierra and desert region, and certain

partions of tie constal belt of Californin were dey lind”” Dus

ing the Eocene contintous oscillations of the sea floor were tak-

inge places allowing the deposition of alberasting deposits of
estuarine and marvine origin,  In the Oligocene, strata “con-

sisting larpely of sundy to ehivey shales and cavrving o elinr-
acteristic marine fauna arve fonnd at many loealities through-

out Puget Bound region. Wherever their relations are known

these beds lie conformably with the Boeene helow and lower
Miocene nbove: they therefore mark areas of persistent sube

didenee”

1 Arneld, Ralph . Noles on oaome Pocks frond the Sawiootll Ranee
of the Obympic Mouniains, Washinston-—American Jowrnal of

Selenee, fourth series, volume 28, pp. 11

Doseribes some roek specimens collected from the Olvipic

Mountains west of Luke Cushman.  They arve quartzites nnd as

soeiated metamorphies of predPertinry ape

o8 Dall, Willlam Healey,  The Mioeene of Astoria and Coos Bayv,
Orecon.~ Professional Paper No. b 18 Gealoeloal Survey

This paper is primarily a deseription of the Pertiary fuunn

from Coos Bay and Astoria. A number of new species from
the Tertiary of Washington are deseribed. The discussion of

the geological conditions at Astoria ix of especinl interest as

the fossils are elosely velited to similar formy in Washington

Fle states:
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SNooproper Bocene i exposed at Astordias bob the roeks

sy oeene helow the wakor Tevell The iaria hod of Oligos

cone age, i owhich dturie anpastato, Mieplelona indurate,

Muarcia vregonensis, Trophosgeon oregopensis, anik Scaphorea

devineto nppear to be charaebirisbie species, as alrewdy ex

plied, 18 no longer weesssible, iy ouborop having oo vlose

bo the water's edoe under the st elevated part of the high

Blaft beliad the tewn, swhieh is stéing slongon o narrew talus

o bullt out on piled over the viver, there bemg havdly any el

bl bobworn the blofs and Hheowater, AR Smith's Point, wost

abthe bowe the shales e vepy dows the o verbienl Tave not e

cepifing 15 feet. They dip abont 160w o sentheasterle divee

bione and are eamposed of thin layers of cluelly Bluislhegray

shale wablpanmerons fractures ned with peraxide of dron which

develop wiore nmeronsly ns the surfnce dreies, while the jvon

&

cittises B Tade to weither doto a browiish celor. Aot ol the

avers contain o Bte sand, but seme do net show anv. The

tretuntions seom foosueeeed oneh obhivr with woeertaim reu

*Here aml Hwre oo btte pravel s suxed inoone of the hovers

s these wrvelby bivers are sdso small Fragments of b

valve shells, the most pertect wnd aumerons bune valvos of

Poctin ¢ Paewdamustom i peekloos Gabb, deila conradi Moeek,

ated Feagments of o spocies of Perehrataliv

SAL some places- b dhe upper davers of the shale the elavey

parbs forveadong o bedding plaoe lines of coneretionse partly

Fossilitorons and vontmmone wost commonly speamos of Mo

coma cabeared v oa b shate of pooseryation

“Above the shales af this point s o bed 8 to 20 feod in thick.

ness of o vellowish chivey sand with teresular, mostly rounded

Fravgments of o harder sandstones maculated with peroside of

ironowithoa few traees of mevine Tossiby and more or less rravel

nobt-eegudarie bedded and penelenbing inde fssures in o bhe shaly

paek bedow, wn the Torm of ahikes. The Beneh m this vienntv s

composed of the pebbles, nodules, and smnll boulders of the hard

sandstone washed ont of thix laver naxed with o fow Fragments

af valeawte tufa

‘Near Tongue Point, ad the other end of the fown, two miles

awiny, the sine beds were peeogmizaed, but the geavelly laver

secined thicker and the shale woeh broken up. The same bods

ippenr to eompose the blulfs between Tongue and Smith's points,

g

hough owing to the way the town s huilb they e difienlt of

acvess. These bluffs at their highest point, near the high-school
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huilding, rise perhaps 150 foct.  Here a fine seetion shows 30

to 40 feet of the shales exposed at an angle of #0 to 60, dipe

ping about 26 8. E., though the dip is not fnvariable. "Fhe yel

lowish sandstone gravel overlies the shales of an equal thickness

siried disconds tnto thew i dikes here and there: The upper mar

ginoof the shales s bnoplaces indistingaishable, the clayey and

sandy Bivers merging into each sther and heing siilar i eoloy,

“1t is notable that in the upper part of the shales some of

the shells seom to have been fosalized mosandstone, washed out

and reembedded mothe elavs. Bebween the valves or onone side

of a single valve of a hivalve shell, there will be a remmant of

soft conrse sandstone, while the Fossil i otherwise embedded 1

a dark waxy elay sha

#Phese sandstones and shales have much similarity to Mio-

venie deposits oconrring in various localitios along the coast From

California to Alaska and part of the fossils are of dentieal

spoeics,

“Phe Mot bed and the supérinainibend Astoria grauiy oo

eur on the north bank of the Columbia tn a good many places,

apparently more clevited than on the OUregon side,

“From o preliminary examination of Miocene beds examned

by Ralph Aenold ander my nsteackions ad Chdlao Bav, Wish

ington, it would seem that the species agree more generally with

these of Astoria: but the diffenlty of correlating in the present

state of our knowledge is indieated by the fack that no trace of

Sooke Miocene fammas profusely developed on the Vaneouver

Island shore of Juna de Foea Streait has vet been found after

civelul seaveli on the opposite eonst of Washington”

Tt Darton, Nelson Horatioo - Stenetural minterials o parts of Ore-

won and  Washington —United  States Geological Surves Bul

letin Noo A8y

I this report beief desoriptions are given of those rocks

which sre of hivportanee as stractarval materials. In the vieinity

of Portlamd the areal distribution of basalts arve shown upon n

topugraphic wap.No age s assigned Lo then Thev may pos-

sihly be Bocene.

1008 Reagan, Albert B Some notes on the Olvnipie Peninsalia, Wash:

ington - Kansas Academy of Seience, Transaetions, volume 22,

yrds the results o

tudies along

e Strait of Juan de I?

County
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mi thevadievs of the BomuehidDand Solediek vivers.  Collections

of fossils were winde ab vumerous points ad Trom tiese soveral

wew species s are deseribedo - The prineipal fonmabions dnvelved

are the Oligocene-Mioeene and some Pliocene strata outerap-

ping mear the oneuth of the Bogaehiol and Boleduck rivers,

Abzny of the mollusenn specios o the Miocens aré ehiractetls

tic of stentn of the sme age dn many parts of wesborn Washe

;n}.{‘t()t'

P Heere o Havkns  Glacihal Tnkeor Pagel Sounnil s Jonrnal ol Genl

eV Reinhe TED Nb B R e

This paper deals exclusively with certuin phases of the

glacial history of the Puget Sowd rvegion. Pre-Pleistocens
deposits arve pot discussed. Duving the Glacal epoeh the fec

febd B wdd to have filled the Puget Sound eegdon. . As 3t o

breated it left ponded wabir dn front forieing o boge glacial

lnkee which was nob-deained o uobil the Front-of the fee sheet
had passed north of the Junetion of Puget Sound and Steast

af Juan dde Foew.

1900 Breetz, 0 Havleno Terminal moeaine of the Pagel Bonnd glacier,

==Jonrnal of Geology, volumoe 140 Koo 2, b 1615170

This paper deals entirely with Pleistocene deposits of glaeinl

orvigin in the Puget Bound basin.. Mention s made of bal reck

formutions resting beneath the glacind deposits

UL Bmith, B Beeleston - Cofle pt the Stite of Washington == 1nited

Suites Geologioal Borvey, Bulletin Noo 474

This puper deals chiefly with the analyses of conls from

Washington eonl fields.  However, record is made of strati

graphic and stroetuval dats eolloeted s thew points . whern

eoal Ganipled Weord taken

1812 Ulapps Charles H. Southern Vancouver IsliondGeologion! Sur

v ol Canada, Mol Noo1

The area reported upon is entively outside of the state of

Washington, but the formations wvolved are so closely reluted,

both steneturally and physiographieally. that it should be e

cluded.
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The pro-Cretaccous complex hax apparvently had a history

i commmon with that of the Olympics.  During the Cretacoous,

purts of the region were submerged, allowing deposition of

Chico sediments, Daring the Miocene the southern const of bhe

istand was submerged and the sedipients of the Carmanal and

Saoke formutions deposited. Duving Inte Miccene il Plioeene

the entire southeastern part of the islind is believed to have

been redueed to a peneplain.  Late in the Pliocene or early in

the Pleistocene the peneplain was uplifted and maturely dis-

seeted and then later somewhat depressed, forming the present

drowned valley topography.

“On the retreat of the carliest and lavgest glaciers, the land

stoud some 200 to 300 Feet lower than at present, and on the

lowlunds developed by the  pre-Glacial erosion  evelec marine

sedinients were deposited, while large rivers flowing from the

vebreating placiers formed oxtensive fuviatile and defta de-

posits. A second perind of glaciation is recorded by the il

overlying these deposits, but it was far less intense than the
first period, and merely eraded portions of the steabified de-
posits.  Seon after, or possibly before the yebreat of the later

glaciers, an aphitt of some 200 16 400 feet took place, uplitting
the stratified deposits, which have been subiaturely retrograd

od during the present marine evele”

e Hvans, George Watkin.  The coal fields of King Connrs - Wash:

Imgton Geoloeioal Burvey, Bulletin Na. o,

In the vestization of the King Connty voal fields, detailed

observations were taken on surface outerops whirever possible

Phis Wformation has beon phdtad upon o map The rocks
I I I

ad exposed in Goeen River are of Focene ape and have hiven di-

vided into three groups the Bavne, Feanklin and Kavmner,

1918 Wenver, Chuarles |, Geologye and Ove deposits of the Index Min:

ing District, Washington--Washingion Geologlenl Survey. Bl

latin Na. 7.

The srea imvelved in this report lies 1o the western foothills

1 County.
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vosta A Dides dhese ald farimabions oeonr b clevabone rang-

e Frain fve o ved 1o fve thousand feet above sen level

TR Waenvdrs Oharies B Preliminary peport ons the "Hertiaey  Palieans

alogy of woestern Washington ~—~Washingron Gendorieal Survey,

Bulletin No. 16

Aoprehminary onthne aeopresenteds of Heoareal distnbne

Hon of the pre-Tertiary and Terbiary fornmbions in the west

ern part ool the stad “he Tollowine subdivisions were auide
of the Terbiry
Plebapinsng
Plinoine sl
S S Montisinn Torantion
Alnein B e VO hehiatis formation
Lo e W R R Thr it
PR ke ot i
Hooene ; Shleatn Dornai i
Iy i i P
clpmeros R B gt 0
e Sawille Tonmation Wil Eroun
Famnr o Wb

Phie Cowhity formation was reparded as provisianal with the

undersbiouling that it anieht vepresent o part of the Teion,

A partial lisk of bhe marine fauna was meladed and eiebty-four

pew species of nverkeheates were Houred and deseribed

P Arnold, RBalph and Haonibal, Hareld o The moavine . Tertinre

Stratigraphy o the Novth Pacifie Coast o of Amervien -oProceed:

e of the Amerioan Philosonhickl Societr, volupwe LIE No

200 BERGDE

Thils paper prosents the ddews of the aathors eoneeriing

the corvelition of the sparine Tertiary deposits of Oropon and

Woashimpton and gaves o Hst oF the Fanna found bnoench distaion,

The following steatigraphic colunm is submitted for the North

Pueilic Coast:

e ot an

L o St

Vol Lok

F

Ailltdra e

Plioaoomie

...... 1 b

Mipned

M

OB
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i B

. s R i Bl
T e e e N 3 Fossmn Taiving
Lok
A¥e i
Do o T R 4 g Pt
ERaiil o s s Pl

W Breiy 1 Harlen, Glaciation of 1he Pager Sound Resion—Wash:

ireton State Geologieal Baeves, Bulletin

This puper is confined almost entirely to a discussion of the

glacial deposits and history of the Puget Sound region.  Con-

corning. the Plioeene he states
8

‘For this region the Pliocene was primarily a time of

diastrophie movement and erosion.  The Focene and Miocene

bodds were domed and folded, the whele avea was Lifted haher

Ehaon at presents and sobaerial erosion developed grent velief

the wenk “Ferbary rocks alrowdy depositid.

Thi following three epochs of Platstocens glaciation sre ve-

corded as " Admiralty (glacial), Puvallop Gnterglacinl) and

Vashon (glacial)

Coneerning dinstrophism during the Pleistorene: he stites:

“The tand was high during the Pliocene, presumably higher
than at any subsequent thae. . At the time of the vetvent of the

Admivalty dee, however, the vegion was slabtly lower Haai at

present s marine organisims in the Admiralty sediments having

been found fn sitn w fow feot above present high tide. Farly in

the Puyallup interglacial cpoch, the region was probably a

thousand feet higher than wowe A the maximum of Yashon

chwinbion outwash gravels were poured westward ddown the

Chehalis as fae as the present head of Gravs Harbor, where

they now He 85 feet above tide, with stream bedding.  Frow this

we may conclude thit the bond bad Jowered Feom ibs Bigh futer

glaeial portion to one near that of the present

As the Vashon hégan to retreat i lake developed in front

to bhe south. After Vashow retreat opened the Straot of Juan de
Pues the waters of the lake were replaced by marme waters,

From the presence of marine shells at elevations ws high as 280

A
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“MWhen the sulbpergence was 120 feol or more noeseess ol

the present, Geays Harbor and Poget Sound were conpected

by bidde wiker aevoss the sibe ol Lake Russells disclmrgeway

s the Olvmpic Mountains conshitubedmndshand?

After this sobmevgence the Pogel Souind region wis e

clovatod o approxinickely s Snsdudely posteoplacial posic

Hom

iy Callioy a0 Clanl Resovpees ot Cowlhiy Hiver Vidley Cowlliz
winl Lewie vonntiee Washinstan Palldlin Mo 20,00 B e
ogieal Buryvevepes 2o T

his paper contains resulis of a bedef duvestigation of conl

vesources of the southorn part of the Cowlity Rover valloy

Wishington, . He states:

Mong Cowlite Hiver northward from s Junction with the

i

Calumbin lies an arven of cond lad 80 iles longe and 15 miles

wide, Probably o lrge part of this ares is nob underlain by

ol bl beds aee evposcil st soomeny places nothe held that

all of 1t s consudered possible cond oo This fold 12 probably

continpins with that about Centeadia and Chebalis, althounh

for o Few ailes south from Chebalis v ouberaps of cond have

been found.  The prevailing rocks pre soft sanilstones, which

b %k}?f)l'f’i?ﬂlit”ﬂ%l"l}' ;lﬂi‘izi}llhl; ?l!ilf 'Wfli(‘h l’(!(‘ﬂ“(\‘ canbin hl‘(i'& (il

cont Fossils of hovene nge are found an the sandstones Be

sites Lhe

-

fienbire vorks cbherd ard o oiat ey beeliow of

vrivats roeksl some of whieli arve Koown to booof the Gane aoe

as the sedimwntary beds, whervas othars are of laber inbvusion

or exbrusion. For esample, o fow ades sorthoof Castle Rock

ancakd B How o everbion By b Ty Bovene sediments. oub

cropss Nor Relso thove wove soveval msses of vocks whael ot

theough Hw sedimentary formation n the Torm of dikes, and

orc the st sule the vond el o Boibal by nter eruphive vocks,

prostomabdy of the Miscene sevies, whicls forms oo large purt of

the Caseade Mountaine farther south

e

Phe streacture of the sedimentary rocks consists of apen

folds, tnowhich the dips ave low.  Panlts do not appear on the

I‘

irfnee, bl thoy have been vieountered G sonme miinos, oansing

s

i

thandonment.  The stencture i this ficll appenrs ta he deo

ciddodly different from Hod bt Chohabs aned Continhia 1o

that fickd the cond hads dip as higho e 70, wherens in s feld

the boeds nowhere dip more than 25 0

DNR-00005037



¥

BUEYE

GILOTAT

WABH PSR G

Mount HRainier Looking Xerth Brom

DNR-00005038



ffll‘

The Tertiary Formations of Western Washington 51

e Laades Henews o Notes o Glaeier svaal Beld=Pacilie Mining

Tonrial, volumie 2 Nood

RV

Phis aress ivobved ds situated tu Whateom Uounty northenst

of Bellingham and northwest of Mbc Baker. o Sandstones and

shales outerop and within them seuns of anthracite coal are

found nterbeded:

Phroughout the Glacior Beld the strike of the fumnations

1 nppmmmnh*}y past and weshowith sope small loeal vaviations,

The dip of the steaba is almost universally fo the borthward,

Phos piving ko the held as o whole 4 monoclinal structure, The

porsisteney of - the «hip novthward v something  rewmarkable

Not onlv s it troe between Discovery tonpel and Glacior, hut

s farporth s Chnvels Mounbaan which s loeated about three

miles northenst of Glacier, the same novthward dip persists,

How el farther to the novthwioed of Chuveh monntam the

monoelinal stroeture continues s unknown atb the present b,

Theungle of dip varies greathe throuchont the fiekl - On the

steop mountion sdes the woomnt of dip seenis te b pedater

than that in the vallexs or where the slopes are not so pre-

cipitous. 1t s fnteresting to note that the slope of e monns

tain and the dip of the formmtions ave in the sune divection, It

is vory clear that as a result the rocks nene the surface have

settled forward so that thex have a greater apparent angle

at the sorinec thay they have atoa depth bedow the thnit of sor

fce mftuyenee

i Lapton Charles 0000 and Gasoan the swestery part of the

Obvmpie Peninsalas Washington 1080 Geologicsl Survey Bk

hetin AR LB e R0

Phis paper presents the results of a geologicad exammation

of the region on the western side of the Olympie Peninsula and

south of the Cape Flattery axiss A record Is given of nuner

ous ohservations taken on the strikes and dips as well ns a0

deseription of all oceurvences of oil and gas
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T4 Washburn, Chester W Reconnaissance ol the Geglogy and Ol

Deposity of - Nerthwestern: Oregon -0 SuoGenlagical - Sirver,

Balletin 550 bpo 1L

I this veport a vecord is made of the oceurrences of Porti

ary:strabain the constorangesof northwestern Oregon and also

along the north-shore of Columbin River: inPaeifie County,

Washington.  The strata outeropping along the north shore of

Colunibin River between Megler and Fort Colambin tannel are
&

described ns being of Focene age on the basis of u partly worn

hinge of Venericardia planicosta

14915, Dickerson. B.E. Fauna of the Tvpe Telon: Hs Relaton to the

Cowlitz Phase of the Tejon Gronp of Washington —Proceedings

af-the Oalifornia - Avadensy ol Selences Fourth Sedles volume

GoNae S pos AR plates 1411

A Bst s given of Tossils collected one and one-halt miles

eust of the town of Vader, Lewis County, Washington, in the

shales outeropping in the banks of Cowlitz River.  This fuuna

i regarded ss representing the siune fannal facies of the fauna

of the type Tejon of Californiag 4. e the Rimelln simplex Zone

POk, o Breaee Lo The Deenrrenve of - Oligovene i the Contra

Costi Hills of AMiddle California-1niversity of - California,

Puhl. Bulli Geoll, volume § ppo 1 16221

Studies made in the Const Ranges of Californin show the

Agasoma-gravidun zone to-be umeonformable beneath the Area

niontereyvans zone.  This unconlormity is believed to be of wide

extent.  The faunal hreak between the Oligoeene and Aliosene

in Orvegon aud Washington appears to be ng great as o Cali-

. i

orm

L1E - Weaver, O I The Possible Qecurrence of 01l and Gas Fields

in Washington —Transactions American  Institute of Mining

Engineors, Bulletin Noo 303 ppo 14180427,

A short deseription ix given of the Tormations i the western

part of the state and the structural conditions in their relation

to the possible occurrvence of oil and gas,
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P Weaver, O B Tertbary Foonal  Horvizons of Wastern Washing

ot - Traiversios ol Washiiaeton, Pabl: Geol. volooe 1 No L

pp e plaes 1S

The report deseribes several new species of Pertiary Mok

hisea From western Washington. A st is given of the species

known to ocenr in the Bovene, Oligocene, and Miocens forma

tons of Waslineton:  Phe Pertinry deposits of the western

part af the state are divided dnto five divisions on s fauual

basis,  The Eoeene s vepresented by the Tejon as known i

Californin. . The Oligocene is divided inte three faunal zones

At 3 5 ¥ X
Phe lower Miocene corresponds to the Aves monterevmin zone

aidd the upper may be the equivalent of the Ewmpive formation

of Ovegron.
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CHAPTER 1

TOPOGRAPHY AND DRAINAGE

GENERAL STATEMENT,

Phe western udf of the North Ameriean continent, vibrac:

ing the entire aven west of the Rocky Mountain divide as far

as the Pacitic Ocean, is commonly recognized as divisible into

five distinet provinees, all of which have a eeneral eloneation
¥ = o3

parallel to the western margin of the continent. From east to

west these provinees are generally referred to as the Rocky

Mountain system: the olevated plitoans of the interior: the

Sierea Nevada and Caseade ranges: the structural downfold

mvalving the great valleys of California, the Willanette Valley

of Oregon, the lower Cowlity Valley and the Puget Sound Basin

of Washington: and the Coast Runges of Californin, Oregon

and Washington

With the exeeption of the Roeky Mountain province those

extend north and south across the state of Washington.  The

topographic features within the state may be grouped into seven

divisions: Casende Mountains, Okanogan Highlands, Columbia

Plateau, Blue Mountains, Puget Sound Buasin, meluding the
o =

fower Cowlitz Valley, Olympie Mountains and the Const Ranges

of southwestern Washington,

The Casende Mountains extend from the Orvegon hne almost

due north to the Canadian houndary.  The northern portion is

approximately 100 nales in width.  To the south the ranpe

gradually narrows and in the centeal part has a width of only

1% somewhat smn-

Thoiles.  "The erest line from north to sou

oits in puthae due ta the differential reslstance to erosion ind

difference in crosional power of streams heading on the castern

and western slopes.. The general surface of the Caseades when

viewed from any of the higher peaks gives the impression of a

deeply disseeted, slightly undulating plain.  The summits of

the ridges seem to constitute the remmants of a former pne-

plain the sarface of which averages 8,000 feet above sen level,
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Located upon this strongly dissected platenu surfnee am

five lieh voleanic cones, the rempants of former aetive vol

eamoes, Mt Baber o Whateom County, attaining an oslovas

Hat of 10930 fect, i sibuated forte mailes woest of the mam di

vide of the Casdades  About 70 molos B thesonthoist o Bakor

i ensterd Buohoinlah Countv] B Ghoir Paaky having an dlevic

tlon-of HOUBE feet, and sibunted bon o miles west of the sumat

of the raunge. A Btk distanes south of the aaddle of the Cas-

catles, in southeastern Pieree County s MU Ramicr, the high-

ost peak within the state, attung an clhovation of TEH08 fucl

P s sibiabod bwelve miles west of the samamit of the range. Mb

Aduns 12005 feet }!Eg}i. 1 loeated 35 ndes woethe af Cladioalan

River on the mam divide of the Casendes Phty ales e

west ol ME Adond 10 ME B3 Helons, with an elevition of 9

otk feet. The slopes of the cones are the pathering groumds

ehiererse Forddine the sbrenns dssue

of permauent suow felds or g

g Frons Hhieir base, so that Ehey hmve as a0 raie el parbly i

sected by erosion.. The topography of the northern porbion of

the pange s much wore rageed than the sonthorn part. The

westorn slope of the Casendes s g madorely. disseetid o of

strong rebiel modified by placial erosion. AL the heads of the

villovs on both sides of the stnwit nree elaeind mphithentves

ar eirques many of which contain siwall alpine glaciers or rock:

v hikes

The Okanegan Hichlonds are situsted o the northeastorn

porbion of the stabe il extond Trom the northern Casondes

sastorky to Idahe: They terminate abraptly on the south along

Coltmbin sd Spokane vivers aod extoud on the north across

the international line fnto the great interior platesus of British

¥

Colwmbia, Hese o mountaing are ek lessrupeed than the

Caseades e rise only to clevabions of G000 feet or le

The - Colambin Phaesy Bewoenstond  UDelumbins River and

sombh of the Dhanogan Highlandse Doconsists of several pluns

grudimg mbo aoe another which range bn elevation from 500 o

SO00 feeb s srvossed by domerans antichnal ri(,gm& e

Sirbier s searead v soveral abindoned strenn channels,
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The Olympic Mountains occupy the northwestern portion

af the staty and whin viewed from s elevabion sugoest an up-

lifted and deeply disseeted peneplain ot an average elevation ol

5000 foet. The sarfiee of this plain appeirs a3 an axial ap-

wirp with o low angle slope to the southwest amd northenst.

Rising above the surface are numerous residual monadnocks

suehias MU Olvmpus, ME Angeles, ME Eleanor, M. Constance,

The Brothers and Mt Chureh.  These mountains atbam elova-

tions up to 8,250 fect. Voleanie peaks ave absent from the range.

The main divide of the range trends from Hood Canal m the area

between Duckabush and Skokomish rivers northwesterly to Cape

Flattery,  The main stream valleys bear away from the nxis

of ‘the range to the northenst and southwest.  The sides of the

witllows are hold and rugeed and nenr their beads are smaldl ol

pine glaciers and snow felds.  Bordering the Olvnipie Moun-

biins on the north and west 15 o low eoastal plain averaging 600

feet in elevabion and-deeply coversd o with e posits o wlacial deilt,

viver gravels and samde his low pliin s olse dissected by the

streams flowing neross b Plie eastern slope of the montbaios

desecnd abruptly Fo Hood Caoal while the southern side geadaal

e merges fnbo the low being hulls of southwestorn Washington:

Phe Const Ranges of soatlwestern Washington lie hebween

Colwmibin River on the sonth and the Chebalin ¥alloy o the

nortl, - They extend feom the Pugel Sound Basin lower Uowe

litz Valley depression wosterly to the Ocean. They are com-

posed of low-lving heavily timbered hills attaining aomaximum

elevation of 8,000 fect,  The average elevation is approximate

be B0 feet. Phe arven fuvelved bs aboul 5000 square miles

The western purt of this aren is marked by two feregular shapad
cbiviments nomele, Gravs Harbor and Willapa Habior.  One

promineit range of hills with several Inboral spurs oxtends

across this area dingonally from northwestern Cowlitz County,

througl southwestern Lewis County, aod terminates at Willapn

Fhor. A See Mii

costerly to Grrays

DNR-00005044



The Tertiwry Formations of Western Washington 5

b the northesstorne porbion of -this provinees i Fhureston

and southeastern Grays Harbor countios, theve is aodome shaped

wranp ol il eomaposed aboost enbiceley ob andesibie lavas,

Khowias the Blaek thills Thev abtair an clevabion of 2000 feet

srid sbruetura v consbibate wospa e brendine sont heasterly from

the Obyapie Momitains. From the standpoint of arighn it oo

neets with the spure of the Casendes bebween Nisgquadly and Con-

bt rivors

Phis Puget Soumd Basin s bebween the Olyviipie and Oise

cadde bans T s Bantedon e noekh By the San Taan

Arehrpelngo amd ou the sonth by the ow divide betwosn Chehalis

River ol Poget Sawnd. Tha borger pavt of Bis Basin iy i

snddidating gravel surtaesd plain bving o sverige olevidtion

af approxnuately 300 feet. his plade s alisserted by deep and

partiadly subnereed vadlovs clonguted inoa noeth and south di-

pection, - The vastern s ol the Bt s weadually sl

mergres inta the western fonthills of the Cascades shile the wests

e bordey terminates shirtipthy apainst the Olvipie Mountains,

The southern contintation of this provines is to be fornd in the

bswer Cowlity Valley

Fosneeliately porth of the Puset Sound Basin there dson

srovpobaslndsowhich constibutes port of an extensively wroded

slactatad and partinbiyv o subieraed mntale range voniveting

sospiir of the Unsendes sibh Yancouver Labind, o Uhiese isluwnds

are known as the san Joan Avehipelugs, This grotp, consist

me of several buege and moey smadl Bslaodss 8 about 50 milis

i length and 25 guiles o owidth. Phe islands are separvated

by windine ke channels oF vaevine deptle. The biepost iae
. = Mg } £Cd

fnnds of the group are San Juan, Orveas and Lopez. ML Can-

stitubion with o elovation of 200 feet 15 the hiohest pink

within the wroup

Phe entire deainnge of Washington s ultimately into

Pavific: Oevnns Pl coistn b mareen o dvamad diveetle 4ot

gcenn bul other portions of the state are deained first to soveral

brank ehannels and theouehs these boothe oevane Thves laver

dyhingn Gl e oo wilhin e state west of e sum-
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ank of the Caseade Mowdains s Paoet Sound, Cohnnbia Hiver

and the Paeific Ocean. The lurgest of these i the Paget Bound

aren, which ineludes Hood Canal, Admiralty Ialet, Hare Steh,

Rosario Steait and the lareger part of the Strait of Joan de

Fuen,  These vinbayments receive the enbire dreainage from the

westorn stope of the Uaseade Mountains northoof Cowltte River

meluding that of the Skagit, Stillaguanmish, Skvkomish, Sue-

qualmie, Cedar, Green, White and Nisqually pivers, togother

with rapmerons smadler anese 1E also reeeives the doinage from

Ehe east and nerth slopes of the Olvapie Penbsla. The i

sparbant s steones invebved e o Hhe s Skokeraishs s Hlamabanng

Brackabushe Boeowadlips, Quilerne, Dungioiess and Blelin vivers,

Nearly all of castern Washington as well s the westorn

stape ob the Chaede Mountains south of Conlile River 5o gt

of the Columbin River ttrmlmgv, Phe msre imporkant sbreaiis

within this area deaining the westemn stope of the Clasesul

Monntuans imehude e Cawlite, o Poutles Rabwn s oud o Lewis

vivers Byoaddition dhore oo seveenl sl dhireume hioowoshirn

Eowlity and Wahkinkoy conmbios which deane divectly ukn He

lower Calipabin Hiver

Pl western border of the state from Cape Flatlery southe

warrd to the mouth of Coluimbia Biver i denined theoupgh nomers

atis stondl shvenms divectly ta the ocoan, r hv o nportant of

hese stresms oie the Olvmmie Pendnsula s the Saledocks Hok,

el

Uueets, el Queniall rivers. To the Bouth, &%mw Flavher o

coves the deige from Cliehadie River and a3l v snrons

fributarics ineluding Hoguain, Wishkah, Wynoocheo, Sataop.

Skovkwmchuek and MNoewnukum rivers Willhoa Harhor and

Shoabwater Buy receive The diwiio from the Taw conatal hills

of wonthwestorn Wislioeton  The miore nnportant of thew

skrians are Novth, Naselaaud Bear rivers,

The rainfall in the western portion of the state is exeending-

B hienvy auid the amionnt of wattr eaveed fo i beoin dovees

putidingdy great - Manvoof Hiese strenms love their sonrees 1o

the b monntainods areas where they are fed by small glaciers

of Inkes which mark the sites of past glaciers. The upper por-

0
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Olvinpie Rapge as Viewaell From Seattle, Showing Lew Glacial Plah
Constance in Backeroun
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The Tertinry Formations vf Western Washington il

tions of thelr cotnrses are characterized by mmerons simall Tat-

crad stresms anany of which easvade down step slopes ta the

main strewoms,betheir midelle stretehes they hive reduesd there

vallows toa wvade with well defined Hoodplotns i which the

channels shift their position trom year to vear. Do gy e

shanees thete dmwer conrses heeome slugeish and wmeander; e

sulting i the dovelopment of allovial plains wd dolbus

Numersus small Jukes cxist dn vavions parts of western

¥

Woshinetou.  Thespajority ol these owe thoie onionm to some
e s s e &

phase of ghidation.  dn the Poeet Sound Basin sod along the

porth const of the Olvmpie Poainsula the mngority of the akes

ave imoemated with oraines Toved divme the areipation af

”1\‘ e biw el .’\!H(lh}_‘; the e nnznnulfﬂ af these are

lakes Washingtons Sianmonmishe Whadeom sl Croseont oo

pether with nomerous saller nkes weluding these on e

wravel pl‘uil‘;v.\ siinthool Taeowma

In the lgher wountainons aveis ot the hewds of the sl

Eribubares thore aore canmontdy sinall voek whmmied Jakos wineh

ooy argues or the basins of elacind sophitheatbe They

usundly e e short banging vallevs aad Hie streanis issuing

froms thenr easeade to i main steeiwnis bholow

O the wostern side of the Olvmpie Peninsula Hhere arve twa

medin sized lukes, namely : Quenindt and Ozette. Lake Quens

it s ahout Hve e Joie awd - theve milosowide and Besin the

valley of Queniunlt Biver.  Above the Inke e viver doseends

eivpid by fron Thi henit ol i Olvinpies, while belowe 1 wisvudine

with w Fall of about 800 7éct tivengh a dishunes of Hhivivdiv

mites koo bhe oceans s Phe ke nppears to buvee B fovied boa

loend dhnimne of Ble vivey

i

ake Ozette, situnted mowestern Clallon Comsty on the west

ern snde ol the Ofvaipme Poninsubi, s approxmitely ot nolis
~ x E

o s throe matles wide, Tt B an elovation of 30 fool above

soar devel sond s desined diveetly to the vevan thyouoh (hetle

Hix

It sibuated o the gravel coversd plam bordering the

s of the Olvmpic Mountains and owes its origing in

sl
fo glnerd netion,
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CHAPTER 11

PRE-TERTIARY FORMATIONS

GENERAL STATEMENYT

A bergd portion of the formations cxposed ab the sarfaes

Western Washington is of Pleistoeene age and consists of de-

posits of either glacial or fluviatile origin. . Where the pre-

Pleistoeene formations are not covered, they are often so badly

ilisintegrated and weathered that their extent, character, and

strueture. eannot he (Ieh*r‘mimrd‘ Th(h\'t" formations Hiy he

grouped under fwo hrowd divisions.  The older consists of de-

wsits ol Palavozoie or Mesozoie ave while the vouneer helonie
I g &

b the Pertinry.  In this report, their deseription will be con.

sidderved under the two broad disistons just nentioned.

s pob the object of this paper to deal very extensively

with the pre-Tertinry formations. I the course of Helid inves:

Eigations woconsiderable amount of detailed Wnforniation concern:

g thvte extent, eharvacter, and stedetural relabions ‘was ob

fained,  Insomuch as these older rocks form the hasement upon

shicl the younger formnations rost and to a certuin extent have

ifienesd their mode of aceumnlition, i1 séems best o outline

aofew ol their more sssontind elinpictoristios - An ol series of

serlimonts and voleanie vinterinds, which have boon more or less

gictwmorphosed, oceut in the Olvinpie and Caseade miountaing

and nlso i the San Juan Ishads. . These range over several

periods in age, but for generad purposes of deseription are

grouped together under the Browd bevn gio aeramonenic

series.  Intrusive into these are plutonie rocks, lurgely of intor

wediate eliemical composition.  They are deseribed as the ixney

araxonorites.  On the westorn side of e Olvinpic Mnintains

Hoore is an extensive series of sandstones, shales and conglom-

crates which are sometimes partially metamorposed.  The term

Hoi vorsariox has been wpplicd to these deposits, On the
north side of the San Juan Islands and in northern Whateom
County, the npper Cretaccous or Chieo Formation is present,
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The Tertiary Formations of Western Woshington 68

ORI METAMORIC SERIES.

L AL T B R T O

Hhis sevies of lade Palacozoie and early Mesormie npe whinh

)

bve besne e or less nwbamorphosed aelosnbtedby o saderbic

aeariyoail ol the vounger Formmtions of western Washington,

i Ehe sonthwestorn part of the stite and B the Papet Seund

Basin bhey sore covered over with later Tertiary steata, They

zin‘ hﬂm‘v‘k‘ul', eonstibute the sprbaee rocks in 2hree disbet LM

graphical areas, Phe largest of these mvolves the westorn

stope of Hhe northorn Cascades in Whateom, Skagil, Snolownsh,

Kine and Pleree connbies. —Po the westi abnest dho endive neen

of b S e Babondsois eatposed of bhese tebamnrpine pocks

Phe contead cove of the Olvmipie Mountains forms the thivd seen

WESTERN SLOP RO Sl By AR A e

From the sumnit of the northen fsondes westerly 1o Hhe

vravel covered plains of the Puget Sound Basin are lugh soun

L prdes composcd of gquarebatos, shates selusbound deovos

poeks Phese Bave boon sxammoed ool e houted arense - I the

viillew of Skaeit River north of s papetion with the Sauk e

expustives of partially  mebwnorphosed sapdstones nberhodiled

with churt, beeceias and slates. Along with these e lentioulay

badies of crvstalline Hustone. The weueral trond of Hhe steaty

s Narth 700 Wesbowith ndip to the sonthwesto varving Tront 45

o overticnl Stanlar exposures oeenr northvand alony Baker

Hiver: D the hiel nisuntnitons vegon bebween the SEaoit
B g .

be parth fork of Stilliguamish Rover amd also south of Doy

Fraghon, siilar Tormdtions wre exposad, but sliowing niove o

fonist mvmmm‘l;In:«sm. Farther southy along the south fork of

the stilaguumish and cast of Gramte Falls, quartzites with

Hiterhedded metamorphosed volonnie rocks and shides arve oo

wiseel From this veoton they constibuke oo el extonding santh
i &

casterly boward Gold Bar and after vvossing Skykomish Rives

swing around to the east, past Lidex Mountuin,  In the vielnity

of Index these metamorphic v Bave been de

 Gunn Peak formation.  In H : region

wos of
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metamorphism and interbedded with these arve sehists, slates,

ervstallive Hmestones and chevts bopether with gnkevealated

metainorphosed lava Hows,

The quartzites asa rule form ooits of considerable thicks

ueds, They vaey ineolor vaagmp from & pore white tooa dark

grav.  Oceasionally they exhibit well defined banding but more

contmionly are mmssive. In the near vicnity of lavge minsses of

aramte or diorite they show the effects of intrusive action and

are sometimes bwisted and gnarled nosuch s way that the

steueture 1s dithenlt to deternine.  Tn some loealitios they have

been extensively fractured and the interseeting eracks or open-

s ave Blled with quartz mothe natore of small gash vems,

Beeatse of the great disturbanees which these rocks have

unelergone 1t ax difienlt to estinmte theie oviginal thickoess. In

fhic aren wast of Dades a detilad exaunimntion was minde of these

rocks ond wommtmin thickness of ot least 10000 Feot wan ox=

tablished.  "Dhree fourths of this smount is conposed of quartate

and the vewaander s nde ap of shates aod selists

In King County excellont oxposurves of the quartzites and

schists e beseens e the vallevs of the Northe South and Middle

Forks of Boogualmic Rivers - These voeks have heen extensively

srvaded by granodiorite nignues sd the metamorphic rocks ve-

eur buegely fu the forin of vesidunlss Dnomany ploees the aviginal

shalv plases have besn vonverted fnto mica sehists. . Both the

quartzites and schists extond novthensterly into the Skykemish

Quadrangle wnd mav possibly connvet with the southern extens

st of the Gunn Peak fornmbion

In seestern Baohomish County miies sehists and quartates ex-

tend from the Casende Mountains ol suweddenly disappenr bee

aeath the alloviom of Skaet Hover flats. Kollos Mounban, as

will ws the suwdl roek hills projecting up Hivongh the alluviom,

is composed of these rock types. Westerly they beeowme more

prominent again and constitute the bulk of Fidalgo Island as well

ws the magor povtion of tHhe San b Isbad eroupe Thev cone

tinte on owesterly from the Ban Juan Islaonds dnte the ecentral

core of Vancouver Tsland
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Quirtyiles i dabod Db i Hhe doiteal part B the Ol

pie Movnbains Ooterops of thisovocks oy be seon alonge the

canvon of Eheha Hiver ac sl ne adong the main crest of the

range leadimg ap o Mouut Olvmipus.  Bimlar expossres oecur

ab bhe headwaters of the Quects, Quenmlt and Holovivers, Flhose

Forniations may be the aguivalent of these ocenrring i the nor

thern Caseades or possibiv voungeer thing Hhese Fubure dikailad

st will be remprsd booliternane these points

INDER CGHANODIORPLE.

AREAL IR TRIBI RN,

Phie Indes granndioribe owbevops typiealbe near the town of

bades i Buohomish Usonty about thaekvesis mides vast of Faere

ert (Plate X0 s eonbiomation sy B braeal povthestiely

whove 11 38 caposed at dntervals as B oas Goondte Faldlse . AL the

bitter plaes ot outerops o the Bills Just oast of The town as woll

ax b the nerth e the eanvey of Stillagumnish Rivers Tt has

heon bruded Inte an older serios of metamorphic rocks whieloin

P bty o Doy oy Boin eefervad T T Gl Pl

Poripabions - Bothe Sty ol Geoote Ealls b s adso inbrasive

ot dpaekanbos and slatos whinen sy s

L W ; : : .
ancbhe Gann Peako bormacbions B sogurke poehable fhat {1

5

PRATY

1
k

Projsion of these wagnie hos an purh peadiend miebonn

Lo bieoopeer b obthoinbervenine eomidey bebwoen Tudes and

Grranibe Falls ovoston has nob as vt completody voned Hhe onee

Boing gquartedios so as to eapess the granediorite. To e sontd

srad o southuest of Index o geanmbinribes are gneond

sveplabowibon series a b valeanie bovas of Povbiary noe

CEEAR e L T T R

FEAE

i . i i i p
FEEECE N g FEEd G HIE ) %i“( L s \.! ik PN T Nii L ‘I 68

4

et mentain pidees with gread badns slopes fringing then

sidess o Hhey have bheon vigovously seotrsd by glioal aetion,

¥

Crgos ano whacial ke bove boon produesd as oo ovesult i th

highor elovatod pocbions of the granmdiorite ouberaps. I the

0

H
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vicinity of Granite Falls the exposures do not oceur very much

clvicted ahove son lovel  Tn the San Juan Islands sioall solated

patelies of granodiovite way be seen introsive into the older

metamorphics,  These may possibly be contemporancous with

the Index granodiorites

PETROGIAPIEED SO RIPTION

The granodiorite varies much in geneeal appearasice in daf-

ferent parts of the country and 15 foeally referred to by the

miners as granite. The most typieal phase of this roek is well

exposed in the Soderberg quarey, about one mile west of Index

in Snohomish Connity on the Great Northern Railway. The en-

Bive ninss s here seen o to he uniform in character in contrast o

the mottled appearance which it possesses in many other parts

of the district.  Specimens collected from different parts of the

guarry show g uniformity in texture, mineral composition and

calor.  Mewaseopieally the vock 08 boloerystalline, niedinm

arainid, denses of a Heht geay color and breaks in laroe blocks

with a shght temleney 1o a conchoidal fracture. When eare

Falby ecmmmed the i specnnens ane sien bo be composad of

heht colored feldspars, hornblende, and sarving amounts of

biotite and quartz Oceastonally simadl ervstals of apalite may

he seen. A mare detailvd study of the feldspar ervstals proves

Hhem o be plagioelnse with onlv s very smndl wnount of orthe

elase. When sxamined mieroseopieally these spectinens are found

to be eormposed of about 404 plagioeinse, 100 orthoelnse, 805

borublende and biotite and 205 of quartz, touether with pe

sistonal ervstals of apitite and Htanite

CORRBRELATIGON

Phe exact Bime during which the Index granodiorite was -

Jeeted dnto the carth’s erist cannob be absolutely determined

If the metamorphic sovies into whieh i a8 inteaded 15 of Uar

boniferous or Trinssic age, which appearvs most probable, it

certainly most have been inbruded st some time Jider than the

Teissies TE is overluin antoiformnbly by Pertiney volennies,
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Crranodhioribes of stinihor charaeter vecur to the southeast in

the vicinity of ME Stusrt and are found o be dntrosive nitoan

old series of metumorphic vocks of presumably Cavhoniferous or

Trinssic nge. I ois overbiin unconformably by early Bocene

sedients loeally kiown as the Swaak formation.

Both dnothe Do andd the M. Stoart eipion the granodinsite

tivonraer thive the mctanorphic series il older than the Ter

Hare formintioes TPhos the only possible bune for s intrusion

was durmee the Sluensdie or Uribaeson

HOH PORMATIO?

ORI AR N

Alotig the western eoust of the Olvmpie poninsals b Jdeffer

son and Clallon conntivs there are extensive outerops of sedi-

mentary rocks possessing vertain ehavaetoristivs difforing some

whal Fronn thie othey sechieabary fornabions within dhe stale,

To this assemblage of steata the genvral e Hol formne

Hon ds apphicl Areally i voeks constibute M surfuee ants

crops over a belt approximately G0 mides i length by 15 wiles

i width and trending paradhid to Hie const. The northern Tt

of bhis belt Bes on the south side of the divide extonding Trom the

central portion of the Olympies northwesterly toward Cape

Elatters, It erosses the wagon road from Clallng to Forks in

the vicinity of Beaver Loke and tronds porthwestorly o i

rection approximmbely North 500 West and inferseets the acenn

shore Bmoahoot bvoomitles soutloof the Pomt ol the Avelios ov

b oaes south oF Cape Flatterye Narthoof this Boe nooouks

crops ol this formation have heen revounized within the state

of Washington, althougl it s possible that they may be vopre

sented on Vancouver Bl Feowo bhe Point of dhe Arehes

southavard sione the oo exposures of the Hob fovmation are

ahnost contmuously prosent o the blafls T the vieiibe ol

tqutllavute River aosinndl loval arcn of the Moitesano formation

of Lipper Mivcene age as found pesting apon the Hoh formation.

With Bhs axeeption the Tatbor dantoos arcdoniinately sonthe
k

wand boogopowt three wmiles below the mwath of Quests River

Flere nnothor small ares oF the Montesions Forminbion 15 foond
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resting upon the Hoh, or possibly faulted down into it. South-

wiee Frome Raft River for o distance of three mitles the Hob for-

mation is exposed alone the beach and then to the south is agaun

covergd with the Miocene formmtions. At a point about one and

ane-lulf wiles north of Cape Blizabethe in the chff along the

ocean, outeraps of the Holi formation are exposed for a distance

of about one thousand fect.  Appavently here they have been

hrought to the surface by faulting. This fault has eaused the
Hol strata to appear in the south bank of Queniult River about

four miles above its mouth in Section 6, Township 21 North,

Range 12 West.  South of Queniult River no outerops are

known which may be definitely assigned to the Hol formation

with o possible exception of some sandstones onteropping ab the

water’s edge near the wouth of Copalis River.  If they are

woain found to reappear southward 1F wnst he at some poit in

the const ranges of Ovegon

The arenl extont of the Hob fornwtion casterly into the

Olympic Mountains has not been definitely determined.  Fx-

anpnations have been gnade of the roek exposures along Lhe

Quicots, Hohe and Selednck vivers for a distanee of over twonty

miles from the ocoan and the only Formation encountered was

the Hoh,  From the close rvesemblance of vortain strala out-

eroppmg along the course of Ehvha River and the beadwaters
& 2

of the Queets und Queniudt vivers in the vieinity of ME Olvnpus,

it is possible that the Hoh formution extends into the heart of

Hie Olviapic rige,

CHARAUTTRR o QUGS

The most Imiportaat topographie feature of the westorn

side-of the Olymple peninsada ds oo uplified coastal plan rang-

g from 15 to 20 wiles in width and trending from Grays Har-

hor worthwesterly to the Cape Flattery axise This plain ranges

e elevntion From 250 to 600 Foct above sen level Fasterly it

wradually vises und morges into the Olympie Mountains. - To

Fhe wouth it becomes o part of the plain-borderimg Grays Har-

bor,  Its surfaes s andulating i chavneter and aeross it tvend

DNR-00005056



Wi e o sen R EvEY

Index Mountain Bitoatedon Western Blope of Casoade

DNR-00005057



xa e G A - I I 0 A £

severnl river valleys such as the Queniult, Quects, Hoh and

Quillayute.  The hed rock or pre-Pleistocene surface of this

arca consisting almost entively of the Hoh formation has been

unevenly veneered over with sands, elays and gravels of fluviatile

orvigin, all of which are resting approxinately horizontal

Over a large part of this coastal plain the Pleistoeene

aravels and sands constitute the surface outerops. It is only

where the rivers have earved their channels through this cov-

5

cring and down into the underlving bedrock, that the strata of

the Hoh formation arve exposed, Sometimes these exposures

consist of outerops exposed only a fow feet ubove the water’s

cdge.  In other cases they stand as high, bold blufls and in s

munber of instances form rocky gorges through which the

stedind How, Whertvdy the bed rock exposurves onterop away

Frenn Hlie o strenm eatirses they appear to represent promi-

nent topographieal Tochires o the nature of momndnoeks as vee
fated to the Ploastocene gravels,

Along the oecdan shore line excellent exposures of the varions

steata eomposing the Hoh formation may be seen alimost con-

tinuously,  Oceasionally, however, their upper surface passes

down below sea level and the overlving Pleistoeene sands and

grnvels Tornr the peean bluffse  The oliffs alone the ocenn, where

composed of puterops of the Hoh formation, range from a few

foek to over three hundreed feet above sea level and sometines

project oot inte the oeean as bold headbinds so as to be e

passable wvoen at the fowest tides The charactor of the out-

crops are such that excellent exposures of the Hoh formation

ity be ohtained at intervals over a lnvge part of the westorn

portion of the Obvipie penlisula.  Observations hive beon ro

corded in the field wherever possible. . These observations have

Been Hed into n continuans bape and eompiss braverse extended

along the ovenn shore line and np the wore wnportant steenis,

tetermine the
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LEFI sy

Phe anaterials composing the Holvformation are alioost

birely of sedinenbary ovigio althoueh these i places bave beon

subijected tooshebl metamorphisnn - W the assmption he cor

swet that the guartzites and shites comprisimg the conteal por

ion of the Olympics also helong to the Hoh formation, the

sevies as o whole may be vegarded as having nndergone iffer

eptinl metamorphisse.  The Whologic appearaaes of all the

skentn along e western bowder of the peninsula is typieal

thivauphont Hhic entiee wrest and generally ean be vasiby disbins

puished from strata somposing sy of the farmabions m owest

ery Waslungton,. They consist chielle of sandstones, shaly

sanudstones, sundy shades, shades and conglomerates, The sands

stones are conumondy poedinm o eoarse grained with o sone

whit seitby appeavanees  Theyuee noarly abeavs fiemlyeone

solidated and possiss w gravish brown color,  Generally sudl

. . . .
angwar fragments of hlauek olabte mny be seon o them The

sadstone favers are ofton wix or seven hoadead feet thick and

contain ocensiomal lendieular lavers of conglomerntes,  Oflen

Phase massiee sandsbone bolts, inoa very short distance alone

therr strikes rapidly prade over inlo conglomerates.  Mnther

charncteristic phase ol His formation s bluish grave vonrse

graned, gritty sandstong which when exanined enretully a5

genveally found to voubain a considerahle aumont of maseivite,

somnetines wosufbeient wiount to give the sandsione o Sompwhint

bundod and sealy appearinee.  TE s penerally in this tvpe of

sapiedstones that fodieations of potvolomn ave founnd, This sk

ot somctmies Bosomos nore b dess shaty and boetten e

Bodded with very navrow bands of dark brown slinle, Vi

wenbhoving such oulterops are papidhy comverbed ko ud banks

so bhal the angnal geologic strochine cannel be deternuncd,

Typieat examples of this mray beoseen hetwosn the moatlef Hob

River nnd Hoh Head as well as ab numerons other plieos north

ward adong the shore e

Certam samlstones In the Fol formation have a bundnated

appearanee 2o that dhey mav be easile beoken into huge slads
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ench of which will average four or five inches in thickness. Good

exmnples of this type are illustrated on Sahoon River about two

miles south of its junetion with the Quoeet

Thy shales vange Trom oo gray to o choeolate brown,  They

wre somvhines nossive bhut often oceur in garvow hands alternat-

g with more sandy material. - Sowetimes small lenticular

niisses of hard, flinty lhnestone arve interspersed among the

shles.  These vary from three feet to fifteen feet i length

and weather oot in sodudar form. - As aorale the shales disin-

tegrate mueh more casily than the sandstones and it s in this

phase of the formation that the valleys and gullies have been

lirgely carved,  Along the beach the coves are almost invariahly

developed G the shaly phase of the fornmbion and the higher

hesellands an the sandstone

GEOLOGTC STREOTURE

Draving the cowrse of okl investigations obscrvadions wiry

baken on the steike analdip ab o many points as possible.. These

have heen platted upon Map A, Plate IV, The stracture has

boen defimntely worked out along the const bat miland soflcient

chika e aob b haod to determane the conbmuition of the eoast

strneture. I the vicinity of Forks i Clallain County an an-

Belmab asd beends woasly southy erossing Booachicl River i

section 38 Powiship 28 Novth Range 13 Wests (Plhte X1

This mav contione southward s Tae s Mol River and i 5o

wondd crass b b Fownship 26 Novth, Hange 1 West. Moo

detailed data wust Be obbained o order to establish this poinl,

Acswedl defined senchne trending nearly northamd south erosses

Bogachie]l River w0 Sechion 28, Township 28 North, Runge 14

Weet o P hishas hoon tegeed v far asco b CladhomsJdslersan

County line hat b not been established farther fo the south

Alung the eonst Brony Queets River northward fo Poial of Arehes

at feast eighteon antichoal and synclinal axes existe With two

or three vxeeptions these possess a northoastasonthwest strike

extending dingoually to the const. buonly o few lnstanees have

thiey Been traced worve than two miles intand.  In many cases

thov hinve the appearance of HHnoe warps developed on the lim
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The Terttury Formations of Western Washinigton it

af o stppostd s Sib-macing siitidlion] axid Wing widl ol the

present voast -fne Ui the south-side of Queels Biver s anti-

chinnl axiso erosses Sabmon Creck oaboul Bwo mides south of s

mionkh and brends southwesiorly into the Qaeninlt Indinn Roser-

vation. oA simtber asis crosses Queets viver about bwo miles from

tsomonthe Pwo mides north of Cape BEhedbetd the blolls eone

posech b lowsdipping AHoecene sandstones are suddendy repliced

bvdnek ehocolate colored shindes Whithe o aetual conbiet b

Do Fhe o oy e soon; veb the s?ml‘p dhiseurdanee hidbwen

thie steike and dip sive dhveet cvidenee of faulbing. About one

thotsnd Teet navthoel thas faudt the shales ave vepliesd by Mo

cenie sandstones, Four mides east of Quenilt Hiver, o the

soutbherne portion of the-big bendea faulb mny be detected whose

brend 4 North b5 Weste - he tbervening avensis honvily vose

ored with flaviatile dopesits so that the undirlving bod rock s

endively coneended. It s probable, bowever, Bhal s novrew fanl

block of the Hob formation s been theast inte the nppee Min

i HE

Ao dhe ponst hebween the wanth ool the Hobo Biver avl

Hobe Head exeellenbesposures of the Hob formationmay heabe

sepvid (Phate XT1 . Hlob Mead itself as composed Tavnuls of

prassive-brown sandstones AE b westorn o smndb vove has

beon developed aml s senclinal axis Eremding venrly cast sod

wost b tolibodb dosnon Tow lnmdred et of svobvine shale Be

Caise ol Hhe noncveaistanee ol the e ha dvdsien i dove s

boey Bopmed ot this paint. Bowediately south of Hoh Blead and

north of the bigh eonglonerate point Just worth of the wmeuth of

Flob Biveg s svoelmad s bromds Nopth 800 Fasto Where this

axts interseets the vonstling oeove hos been develone] 0 mon o

Fensiy pies of samdy shinkes ondeelving the minssive sumbitone

af Hob Meads o Broni ol Headonorthward adove the sonst for

G oabatinesof ten e o antehnab oy appeaes B e et ol

o shiors bopeath the wabers o the oveans T paases i

pgi i Seehon b Townshup 27 Northe Hamge 15 West and

erosses Ghitlavute: Haover sabout one-halb mile enstof - Movi

Northward feorg Hhe wouth of e Duollavate the Heob formae
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tion is involved in several synclines and anticlines and finally

passes beneath the Eocenet2) - basalbic formabion exposed at

Pomnt of Arches. The formation is exposed in plaees along

Dickey River east of Ozctte Lake hut msuflicient data have

Boen obbained To defermine ibs steetire. The eastward eon-

tinuntion of this formation has heen traeed into Township 29
North, Range 12 West, where it is found to be budly hroken and

shows the effeet of greater metamorphism. Whether it extends
astward into the heart of the Olympie Mountains from pres-

[‘H{ l‘\’“i(iﬁﬂl‘ﬂ cannot il(‘ di’t(}i‘m’m{‘ﬁ

RPHATIGIUA Y

Wherever possible along the coast, detailed strativeapliae

fnbasivements of the skeata i the Hoh fornintion were made

In every ease such sections hiave heen bied into braverse survevs,

A eontinnons traverse was ran from Mochips to Cape Flattery

and the station numbers referred to i the following seetions

are points upon that teaverse. . There are ansuflicient dala ad

present to determine inowhieh parbiculsr portion of the Hoh

formation vach of these seetions belongs,  Inlund from the ocean

iy

shore line the exposures are-so limited that 3 bopessible to

i

correlate one with another.  Faulting has also complicated the

=

skrueture

The following section represents partial weasuvements from
Station Neo 188 ab o point north of the mouth of Kaludoch River
b pointal the month of Cedar River:

Topal Sedton Bt
MasEber e sl tone s oy 1HE
Muasubve gamdatom S ; 181
ool . G G e R fe e

St sl st W T Tatereslaasd s Bl les Bty At
Paterhadded shade sl sionoue sandebime damitaonine e
ol b aavianlainnirnisiieas i
Massive saadatone e e i e
Chviedaibe it whesi s posal nadtly dhghe oo Wit
Mssivo sandstane 0y i ; O
Mupsive sapdsiome: oo boened ol Biar i &
B sindsiooe s i

o Wy A o)
e G S e i

G G 0
R R e i s

Wi R R 1}

5 A GBS0
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ool speptiog

M L
Shssivesntnlelomo e ¥
e e
Hiale R e S f o
MmO e Tamy
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arnn s vy e ter e re i s e R g

v s r b g e v O IR e g Hae e

send e e beeceb e Bl eematlon,

s ol Beeiion

Taral L R R A

Phe fnlirm‘iﬂ;_{ stetion was saeasured ajone the const from

Stition Noo BBb o Mo 4070 Uhe Dase of this soction v at

Station Nov 460 Phe Hne along which the section was meas

ured 15 approximately Hve miides norkh of the mouth of Quillaynte

Ruver, in southwestern Challam County

Do ad Bewiion g
Blasdr smsdve sl s : ; t
Mesabves Bieenis i Eeny e R TN e R

s Latee
Covmvommnndsrene o e i
Porevhsdaad sy sapibboms ot s o S st
Nt voshinh i e S G

Base ol wentihn

e I R R i

CENTHTIONS G0 PSS

Phe Heb tovmabion wis o bod doewseither o the o eaastal

i n ol e oecin dimcl of o an edtensive embaoviing ol

woseenn - Phe fuet that massive complomerades and sodree

ciied eritty sandstones altcrnate with enormous thicknesses

of shale sugeest oseillations 10 the depth of the seadflosr. (e

castonally fragments of carbonbesd wond or sl Tentiondar

senns of Hgnite ocour interbedded with geavel or conglomer

stes. - These conglomerates mav. represent deposibs. formed

along former boaelios or even adong the lower porfions of stream
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vallovs. A miieroscapic examination of the shale phases of the

Farniition tidivato the presence of marine dintoms and formne

imifers.  These forms of life may have theived in the deeper

wilirs,  Hecnuse of the tobal absinee of mavme nvertehrate

fossils other than those just mentioned and the absence of plant

vetains, it is impossihle to areive at any conelusion ¢oncerning

climatie comditions,

Firssibs

Although a careful seareh has been made for fossil Mol

fseatt ronsmins within the Hoh formation, not a single frag-

ment has as vet been found. A portion of a small leaf of un-

determined specios was colleetod from the fiest headland south

of Baft Biver. In the vicinity of Hob Head brownish enlored

dialis outerop which upon microscopic examination ave found

to contain numerous remins of diatoms. Nearly all the shale

expostures which show the presence of diaton FORLLINS pussess

the odor of pebrolewn. Fraecoents of slale brought ap feow
& I

a depth of seventeen hundred feet in the ol well st Forks con

baii the venidons of somerans Tomoninifora s Phese shales alsa

have a pronouneed odor of pebroleun

OB PEE N B

Phie exaet age of the ol formation is net cortain. 1t s

certainly older than the Miocene and appavently older than

the Focene (2) Basalts as exposed south of Cape Flatbery, It

is less wetaniorphosed than the older Carboniferous and el

assie rocks of the Sdn Juan lands sl northern Caseadiss 1E

might possibily beof the same age as those st mentinned but

hitve undergone a lesser degree of metamorphism.  As far as

Kuown no nissive pdrusive rocks oconr withun the Ulvmpies

Hthey wre present they are of mmor dmpartanee. This fael

pitehit aceount for the difference in depves of wmdtamorplism

and still allow them to be of Carbeniferous or Trinssie nge.

Phiev do ot however, contain the Tavge Bmestont masses Hoit

Iy assoeintod with those alder Formations in the
n and Vane . They ¢
e bo the o k

WRARHRRRER
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The Tertiary Formations of Western Washington 70

posed along the northeast const of Vaneouver Island Ty

are prosmmably older. 1t ix quite possible Hhint they may be

of Jurassic age.  These snggestions ave based entively upon

lithalogiead svidence which Torme a vory dnsevure basis for vor

Pelitanm

RO TORM AT

SERERALFEATEMINT

The Cretaceons deposits ol the Paobe Const have hoen

chividled i throe abvestons . Phese are velorred foons Hhe Ko

villeoor Jower Urelpeeons, the Flossotown ar vadidle Uvelicenns,

amd the Uhivo o apper Ussbiesons, WL e cvonidian ol

the possible seenrrence of the Knowville in Whateom Uniindy,

the Chico fopmatonds 2he endy Urelaecans deposit kuown with

e ERG western Bl ot Bl shate

Chieo sbeata ee s haown toosear docthe Queen U harlatbe

areaim, we wellas on Ehe northoast wide of YVameoover Tilnd s

fel e A D TR D R R B RN

I wesbern Waslington steata of Urelaceous age wre Fomnld

i the perthorn portion of the San Juan Islands and dn e

northern pertion of Whateon County, . With the exeeption of

these loealibies, mooks of Uretaceons nge are unknown i wests

e Washington - Howevero they cmay possibly enist odeeply

buried benenth an enormons overhurdon of Teortinry steada,

Phe upper Cretaceous o Chive sheaba as exposed o the San

S Eslands v the donthicastom oxtonsion of At hiek sokne

of sedimentary pocks exposed along the northeast coust of Vane

couver Islaml They disuppeor to the cast i Suein Lidandl

bt may possibly exist heneath the glaetl coverad plains north

of Bellingham

bn the San Josn group, the Chies fornmthion composes all

of Bucin Tshand, Patos Liland, the extrowe northern part of

Uheons Tsbaad all of Waldvon Deland, Stoast Baad aidd soverad

sdler nmamed shands oft the north ond of San Faan Ishand

L R

KRR

\va‘mﬁw fii

(e Antipat
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proper. To the northwest these outerops continue to Saturna,

Mavne, Pender, and Guliano iskands on the British side

CHEAIEACTTRER 000 os

Phe general character of the outerops bius been lnregely

determined from the strocture which the strata assume. The

e ¢ i N > > N » i - i ¥
harder eonglomerates and sandstones constitute the higher hills

aned monntainis while the vallevs and subanarcine channels have

For the wost part boen developed i the softer shale members.

On Oreas Island the softer Cretaceous rocks form low hills eom-

pared with the harvder metamorphosed formations just sonth

as represented in Turtle Back Mountain and Mt Constitution.

it DIsland te wearly divided by own snsbowest endbaement

which has been carved dnte the soft shales leasing the harder

rock to forme the worth and south portions of the island. Wal

dro Tsland 1w woore nearly civenlar and awes it woneral forin

to the resistent charncter of the conglomerates and sandstonis

which so largely compaose it

Liribopaisy

Phe Chico Fopmations as o exposeil o fhe Sun Juwae Biland

gronp is compesed of massive and bedded shalese nnd extensive

betbs of alternating beds of shales and sandstones. The sers,

as aowhole, has not been etamorphosed.  Phe pebhles eone

posinge the conglomwerates have nearly all boen dedived from the

sndeelving metwmorphie formations. They are eomposed of

quartzites, granibes diovite anl gabbro saeasses: - Phe pebhies

sangre i size from that of oo marble to boulders over Bve feet in

disnitor. Probably from 4 to 6 fnehos i dinmetor is the averase

sige. . These conglomerate masses vesist woenthering and eon.

stitiube the more hoportant opographie featuves of the forma

Hon.  Intebodded with these vconglomerstes arve devepular

shaped bands of grit and sandstone.  Commonly  these widen

out 30 as to allow the conglomerate helt to develop mmto an

altermntng series of samdstones and conglomerates.  Sope

ties they prade over into awassive saudstones which sanban

siadl eross-bedded lonses of conglomerate amd then baek again

into conglomerate propor,
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Lhe Tertiary Formutions of Western Washington 59

Phe simdstones fore miost cannnonly convsepramed, of a

hphit broswnish gray color aid sometioes showiing eross-hud-

ling.  The sbades vary from a hght gray o a predeminating

chovalate brown:  They are ofton distinetly bodded, althongh

somwtimey maesive,  Un the north sude of Oveas Isbaul they

sbbernate asovery maorrow hands sth sandstone,

Nooagnvous vocks, sather extrosive or mbrasive, have been

found  assoviated with the Chico fopmation oo the San Joan

o
Telanel errnun
fred E

CONDPC IR O DR OsI G

Phe Chien fornmbion us represenbel in the northorn payd

af the San GJTaan Dsbinds bcommmon with thiat of The vt coust

of Naneouver Island was deposited i an cobavment of the

ceean tormed hebween the main axis of Yavcouver Tsland andd

the British Colonbia msintand,  Phis o appears to B baon

el ol b Ehe sonth ol Hhe Seaite of Hosario by n o moanbadnons

s extoling Frons the present site of the Caseades, thvongh

the Saon-Juan Bsland group inte ¥ancouver beland. The lower

portion of the formabwn appeurd b have heen Tovnad ader

comparatively shallow swatee eonditinns, Huomiddhe portion of

e formabion o deeperowaderswmd heswpper povkion ander

shallow waterand o part onder theviabile conditionss - Pl b

o s ovideniesd by the extensive sovios of non-fossiliforous e

terbedded conglomerates and sundstones

Eollbtban e i e e e

Uhe streabioamvolved i the Chieo formmdion in the northoen

partion of the San Juan group in common with these along the

novtheast vonst o Yaneouver Idand loove bao folded kaa

series of northwest to southeast anticlines and svnelines,  On

the north side of Oreas Ishand the steada rost aneonfornably

apon tHhe alder setaiorphic formptions and dip Wk i averape

ansle ol 60 o the northenst. On Waldeon Islund the formabion

i

b been Folded Buck sooas o formothe nose of o svachne
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CHAPTER T1HL

BOCENE FORMATIONS.

GENERAL STATEMENT REGARDING THE TEHTIARY

A8 A WHOLE

Wit of theeret Boe b the Caseade Mouabatns wibhin the

state there are extensive deposity of Terbiary ape. These de-

posits eonsist of rocks of sedbmentary and igneous ovigin, The

sedimentary materials are composed of sandstones, shaly saud-

stones, shodes and conglomerates. The jpneous rocks consist of

Inva fHows of varying texture, volewnie tufls, dikes, sitls and -

trusive plutonie rocks: The formations of surfuce origin pos-

sems o maximen sgegrepate thickuess of pvey 35000 feet ot

all of whieh ds present v nny one parbiondar Joealty. - bor the

most part they arve frmly oduented bat have oot been mskas

movphiosed. Tl basement comples apen which they rest s

empposed of gquavkebesc shatess sehistse pnoisses snnd o vrions
1

vy of mteive rocks all of which have ey sobjeetad to mory

or less deformabion and eroston,  Fommatunis of Tertinry ape

are lareely absont Feom the contral porbion of the Olvmipie

Peninsula, the Ban Juan Islands and portions of the Casends

Maountams:

Plie following subdivistons of the Tertiary have e made

within the westorn porbion of the stale apon o basis of the

inforiation obtained 10 this mvestigation:

G R R ey sdaereanhisias v o ghe i o el ey e 8 I

i arck ool She present o Ussemile e
R R R e T oy
PLIOCE N s The i e orn Wit neton e e pair banont rhe
Fomleaneo Do o ey e nue e e inen
i i Muoniesan o o i i
A srrteata Vo
N Pt S
e N Heeene W I a e e inan e e e e e
. BEEE A
BlhaBBELEY ol e i AR R
% # £
i PRI A Enn, e bopdyed Do Trpie b i perie
G N Y il e

(S TREA T R RN N o harnrtepinid i Mulngntiharins

Thrnbnensie s nnmg

sol b Bneae T e B e el vabuarl g sl

By sel b s F i Tl e

Ttk Pl SFaei vt Poina Lo Wit b

soman o enmplio ot S el oenle amd Moo i me ks s ieeey
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Depaosits containing a fauna vepresentabive of the Martines

epoch or lower Eocene have not as vel heen recopnized within

the state. It is possible, althougl not certuin, that the Swank

formation of castern Washington may in part be the equiva-

lent of the Martinez.  Deposits of marine, estuarine and fresh

witer origin together with interealated flows of lava and toff

are well developed and possess a maximum thickness of 15,000

feet.  The marine sedimentary phases of these deposits con-

bt orich marme myverteheate fauna characteristic of the

Tejon epoch or upper Eocene of the Pacific Coast. The lacus-

trine or fresh water phase of the formation is hest developed in

the contral and eastern portion of the Casende Mountains. The

estuarine phase oecnrs o the western foothills of the Caseades

anl dncthe forne of smadl leises interbedded with the predon:

pating warine phase of southwestorn Washington,  The vl

anie phase, which consists of lavas ranging in composition

from basic andesites to acithe basalts, occurs i the form of

Hows of varving thicknesses interealated with the marive i

estunringe sediments,  These livas range in texture from typieal

voleanie ash and fAow brecciag to mierocrystalline and glassy

bypes,.Vhe materials have wmopart at least sseaped to the sur

Fure throngh Bssurves sl weeunivlated Both en bhe lamd sue-

Faces asowell as upon the Hoor of the upper Boeene unlm}'nwnts.

Faunal and Horal evidences indieate the existence of a tropieal

to sub-tropieal chmate during the entire Tejon epach.

During the Oligocene epoch marine emhaynents were much

more widely extended throughout Washinglon west of the pres-

ent site of the Caseades than during the Eovene,  The deposits

formed in these embayments attained a waximum aggregate
thiickness of 14000 feet. They are almost entively of s

origin and contain abundant and i many enses exeellently pre-

fck faunal zones can be

e

served invertebrate Banas Three

recogiized. The steata identificd By each of these zones are

referred to as horizens, The oldest Oligocens within the west-

ern portion of the stute s wdentified as the Linecoln Horizon and

contnins the Malopophorous lincolnensis Zone, Phe naddle <l
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Uhe Tertiary Formations of Western Washington 83

viston s kmownons the Poster Hortzonoor Toreitelli porteronsis

Zone amd dhe apper division as the Blakeley Horizon o Aciia

gottyshurgensy Zone - The waderiabe deposibed oo dhe tlge

vine b vty congisd Tareely of shaly snndstones wnd wody

shales together with minor wmoonts of conglomerate, sapd

stones and shale,  Voleanie lava Hows aee admost entirely absent

from the Oligoeene fornmbions with the exeeption of certain

sereis narth of Columbin River in Paeifie Countv. Many of the

sholes and sandstones are derived From rock of voleanic origin

Phe prineipal areas wheve deposits of Oligoeene age now form

sirfaee outerops are along the north berder of the (v

Poninanbo the Pooet Sannd Basin ad sontheestorn Wishing:

LN

During the lower Miveene the marine embavements boeanme

mieh more desteicted than during the Olisosene and the e

posibs Formed Taed wow Toud eaterepping T the vieiniby of

Clatlban Bayv on the sonth shore of the Steart of Shuan de Fuea,

i the Gravs Huchor pevon and on the noeth sude of Colunh

s

i

River 1o Walikinkun County. The naoamuan thiekuess i the

vepion of Claflam Bay as well as b Graxs Harbor s approxe

atnteby 3.000 ook he miaterals are predominatinely conrse:

werained sandstones, shades and vonglomeratess They conbuin a

Fairly abundant: Bsuna which s quite disbinet from the older

Oligocene Tnunas as well as the vounger upper Miveene faunus,

(e of the moesk common and chavacteristic species occurring

i bhis o s brda montereyana Osivont. . The Tauna oeets

ving within these deposits is peferced to as the Aven mon

ferevann Zone amd the strata contuming the Tatma as the Wah-

Kinlioor Havigon o Fubaree o shadies oy determme it this

hovizen s the equivalent of the Monterey forombion of Cul

Farnin s Bufieient evidenee isonant now avarlable foowareen b saeh

35 4 e
ke e H}L(thh{‘!}.

Aot he elose of the lower Miocone the Pacifie Const swas snle

jepted o dntense deformational mwvenentse A lurge part of

the former sen ooy was clevatod above son lovel salinwnts
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formerly deposited were folded and faulted. The newly elevated

fand arcns were attacked by ervosional ageneies and the newly

derived sediments were during the course of upper Miocene Hime

depasited n newly developed enibavients. T Washington vear

Iv all of the western portion of the state was elevated during the

imiddle Miocene,  During the vpper Miocene two small embay-

fents were farmed, Ope of these smbavents wis sibiaded on

the western side of the (}hmpw Peninsula near the mouth of

{
Quilluyute River and the other to the north and east of Grays
Harbor.  Apparently the land arca during the upper Miocene

§

extended mueh favther to the west than at present. The upper

Miocene sediments in western Washington consist of sandstones,

conginreratesy and shedes o marine shatlow water oriee nd

prassess a Hhickness of 2,000 Fect.  Marine inverbebirade Baunas

aviabmdant and ave closely velated o the Bapiee Taona ol

COvowan and the San Pablo of California.  Soflicient ovidenee s

nob as el wvailble to warenud simkingr correlation of the upper

Aoeene of Washington with the Eupive or San Pabla o

tons, Uhe tppey Miveene Siana ol Waslineton 1 rofevred 1o
1

as-the Yoldin sbrigata Zone from the prosence of this most char

actevistic speeres. The straka contaming this fauna arve termed

the - Montesano -Hovizon. - Montesano Formmbion might appro-

printely be gsed

Along the western slopes af the Unsendi Mountaind thos

are extensive deposits of andesitic tavas and interbiodded bufts

s elavs. The olider Bocene aleposts pasd beneath thes Tivad

slonig the western margine-of the foothills of the Caseades: Ex

posures wre well defined Frome Enumcbow to Coder Lake v King

County and the pae Enumelas voleanie sovies Is provision-

ally appliod to thenn They ave ab lask two Hisusand oot o

Ehickness i the regon studied: Whey anny be the western ox-

tension of the Keochelus Voleanie Series which have boen mapped

i the Snogquahnie Folio by George Otis Smith and ¥, €. Cal

kins ®

b T R T T

R
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I enstern King County, north of Codar Lake, there are

cxposures of granodiorites which are intrusive into a seties of

old mebwmorphic quartzites, slates and sehists. . Theso inbru-

sive warke aoe he braced eavterh e Hesmnnit of the Casead

Mountains where they have heen mapped o the Suogqualinic

qumdrangle as the Snoqualmie Granodiorite and are regurded

as being of Pliovene age. In the vieinity of Cedar Lake Lhey

are adse coversd with the Baomelow andesites.

No marhie deposits of Phiopene ape beve agopel bioen toion

nized within the stade of Washdngton,  1E s possible that they

may exist amd Be buried Beneath amautle of glacial deft,.

is more probable that they woere pover Tormod sl that Hie weste

vrn part of the stade s owell as Pl oasternowes oo bond e

Phe wealopieal reeord of the Pliosene inowestern Waslington

with the execption of the Caseade Mpimbaus winst be souehl

e Fepie ol distrophin and voosion

Farben the uadeenaey or possibbva e ite Phoeene b

Phe western eonst of North Americn was again subjeeted 1o

dotormutional movements avlieh enused for a sveond bnw the

uplift of the Bieren Nevidns and Onsomdiss The present Uas

eade Mountains of Washington wore sleveloped by o series of

ditferentinl uphitts.  The erigial penepleined surface of the

present sibe of the Uaseades was warped during the aphftoand

the broad featuees of the deaineoe adyustod themselves 1ot

straebnre. Yoleanie cuergies heenme eonventrated b covtain

pohits Benentl the suvfaee of the uplitved peoeplain sl npon

iEoasn hase preonsnent volesonie cones seore doveloped.

GENERAL STATEMENT OF THE BEDUENE,

Noopeeord o bsoavadable o Bhe genlogae hustory ol sweslern

Washington duving the enrly Boeene epoei The vegion was

prosumbdy & bod aves vot much clevated above sen vl Phe

geologienl history of Washungton durng the upper Eocene ean

vl from e fairly complete record as o
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these faunas mdieates a wvery elose rf:mtﬁ(mslnp to the uppor

Eocerne of Cahifornms i faet sooelose as bo owarrant o divect

correlation with the Tejon.  The basement upon which the

npper Bocene sediments were deposited is in most loealitios con

conled. In Skagit, Whatcam and Suohomish countics estunring

deposits ave resting diveetly upon sehists wod slates of Palaco-

zoic or Mesozoie age.  In the central and castern portions of

the Cnseade Mountains laenstrine deposits of Eocene age are

vesting upon extensively eroded peridotites and granodiorites

¥

as well as slates and quartzites of Mesozoie age. In the south-

wistern pm'timz of the stite as well 4 in the Puget Sound

Basin the basal contact relations eannot be determined as they

are nowhere exposed at the surface. During the upper Eocene

the Cascades as o eange did not exist. The central and south-

ern portions of the range within the state were presamably not

greatly clevated above sea level while the northern portion may

bupve possessed - some rveliefc - "Fhe regions now nvelved withiy

Hie Ban Junn bslands s well as the central portion of the Olyvor

pic Mountains were apparently land areas which had been ap-

Ifted at the elose of the Jarvassie Dilleventinl oscillations of

the batul arens as well as the sea fBoor were taking plave during

the upper Bocene oy Pojonepoch. Coincideat with these move

ments the embaywents of the ocean were shifting both in aren

and depth. There was o consequent change in the envivon:

mental conditons under which the marine invertebeate Fnana

wis existing. A record of these eonditions s fn part preserved

e Hhie ehaencter and distribabtion of the fosdl fannas v well

as the Hthologie chavacter-of the sediments in which the faunas
wore hovied. On the presint st of the Caseads Mountains

Frosh water lukes of considerable sizve were an existence. . Phese

basins were continunusly changing in size and nny at bhes

have b diveet or diveck conmections awith Fhe osbunrios be

Hiooawest in centeal Kine Pilevee and Fewhs comntios

GREOGRAPHICAL DISTRIBUTION

Surface outerops of upper Focene ape oceur in the western

Foothills of the Casendes, in the Poset Seund Basin, on the
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aorth Haiks ol the Obviopie Mopitains, on the sonthoastern

soetions of Y aneenver Tslamds anothe dower Cowhilby '&'mm}; and in

hie hitls of sonthwestorn Wishigton, Owver vonsidieahle por

tians of Hhiese srens thevy are niore or less obscurod by laber lavas
|

or tulls or by deposits of glacial deéift. As @ resalt the surlace

expasires of the Boeene Tormations appesr o the Torm of 5o

lated outersps. . Toosonie cases 30 b possible Bo deterniine defis

nitely thnt the bilervening covered wrens are underbun with

strata of Bocene age. In other nstances thelr presence iz only

contectural O the maps aceompanving this report an oflord

b heono made 4o orepresent the distnbutbion of the pregheial

formations. Those arens where the surface savposures are ol

Plastoeens e bk where Bhove i 2o evidenes baindhioats Hhad

the underbving bedroek formations are Hocene have been minpped

ax Bovene o Wheee the eontuets hobwoon Bodeae il obher bods

vack formmtions are coverod the prababie np;n*nxim;xh} postbion

al the contuct hines have been mserbed gpon the smans. These

Buetd shauld e horoe in mind whonever detailed vee 18 noule ot

Fhe minps,

Phe surfuee distribotion of the marbae, estuarine aned b

sabtic phases of the Fosene sre also designatod upon the aaps

agnlly they ave mberhedded with ooe another bt one phase

sredominntos over the other. In every cass the prodonunatiog

e

shase hus been mapped

i

Aong the north sl oF the Ovignd Peanailby Eocind hic

salts fogether with fnterbodded tolls wud shales teend From Port

Phscovery Bay westerly o the Paind of the MArches south of

Cape Flatterve o Bobween Poet Anpeles aml Port Cresennt a

bangue ke mass extonds gortherly to the Btradt of Juun de

Foea o Thas belboof lava vests ounpon the olider Mesoraie sedi

mentaries of the Olympie mountaing and in tuve foess the buse-

nent for the overlving warine Obgocene deposits

it bnsadts just deseribed extend southerle aronnd the east

ad st Hanks of the Obvapice twowtains and e alsy exposid

i the Bald ML of central Ritsap County o the Puget Seund

Basin. L0 all the vverdving deposits of oladial deilt were vo
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moved exposures of hasalt would presumably occupy the entire

sorthern portion of Hhe Puget Sonnd Basin frem the Olvaipie

maunkams to the western mareniof the Caseades. Chiteraps of

basatbie Jnvie and anterhedded . sundstones and shales oceur i

the hills south and southeast of Seattle in King and Preree

counties.  Stmlar deposits are present in Thurston, Lewis and

Cowlitz countics. In Puaethe, Wabkinkam and Geavs Harboy

counties extensive exposures ocenr intimately associated with

younger marine deposits of Oligocene, lower Miocene and upper

Miotene age,

T the foothills of the Caseades in western Skagit and What-

comtcountics there ave small local deposits of sandstones andd

shades-of probable-lnevsteine origw formed eontemporansously

with dhe osbtiarmme and marme deposits Tarther sonth

The southenstorn portion of Yaneouver Eshind frone Albeel

Head seesterly to Sambrio Rover is composad of BEovene basalts

and basaltie: ldfss s Interbadded awith bhe bails are shales e

bininge bypieal marine fossil invertebeatos

LEPHOLOGY

The Eoeene sedimentary rocks consistob wpedinns toeonrse

crnined sandstonese thinly bodded and-massive shaless alteenats

- thinly bedded sshades nnd - sandstonesosandy shafes; shaly

sidstones, caovbonneeous Shales and doul Somms The dhane

grained sandstones s offen wrkosie o eonposition sl show

noowell dofimed beddling planes, Oeensionally ey exhibit vrows

bedding nud contain feagments of eavbonized sood. When ex

amined mieroscopieally tHhey are fornd to be composed of small

rennded grains of Guarte togebher with angular and ronnded

wraing of badly albeved foldspare sund Fragments of Batiie and

hornblende.  Fhe comenting mnterial consiste of silica and fron

oxide,  The sandstones when fresh possess a gray eolor hut

wheric exposed oo wenthering yange from hrownisl pray to

hreawnish yellow,

The shades range from s fin

¢ grained fissile condition to n

»

itian. . Ol

thinly 1 nndd Boninated Bes e 1
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sivecand show na indicatione of stvabification: hey Break with

aodistinet ponehodual Toacture: S0l ather waviedios are cars

bonaceous and geade Frone Bhat condibion to s bmpure shaly

Hgnite, Very sompnonly the shales wre sandy and s boog pons

ditiorrsvbre thaoy waihb Bebeod ae aoshindy sandstone e

shulos vange i volor from a leht grax e a dark chocolate

Covtarn ol b shales Hpon Adieroseoe eeantnnbion are Tonnd

b be coniposed of fing voleanic products. =soue of e convser

sslsbones e cariposed of rewarked voliarne talls

Comonly the hivas are (fumpmni ot ﬁt)w h["{‘f’(‘;:lﬁ nlh'l'ﬂlk:\;l"il

with eonse pouice aund sl hese have boon subijeetad ta the

aotion of vooning wiker ab B time of depaibion. Extending

tpward Proon the contact, the sarting aetion of water beeomos

more pronouvesd.  Hlnsteations of this pliase of deposit nay be

Sovn anc A he smadl veck outhers sonth o Seattle at Dhovaniish

Station,  They were probably formed daring an epoch of vol

anie activity s clase proximiby fo g resion where sbveams wore

erppdving anto o merine cmbavment as mavine fessils are olten

assocttold with deposits onty o shorb distanes vy

Pl thickness of these severadl pluses varies Fromw pluaee 1o

phaee.  Suodstone holbs enisd baving o thickoess of marly 1L

Ot feet Therve ave monuerons botbs vanoine i thickness oo

25 du B0 Dot Pheve Belbe vary o thickeess we well e Biloe

logie composthion when teaced along their steike.  Extonshie

bolts composed of albernnbing davers ol shale s soudstone ol

irving thickness wee vers characteristio and wake up o ocone

stlopible porhon of The tpper Bocene i posits

Andesitie Bovnd wnl bulle G eddbnin sreas conatibate 4 Bbiee

pired ol the Bovene of westorn Washington,  Bepusires nay he

seen wlong Uolionlng River, Cowlity Rovers o te Poget Sownd

Busin oud along the worth tlanks of the Olvmpie Monntauins,

I nenely oll instaners they are mterbudded with the maeine or

cstuarine sediments,  Inomany places they might be mistaken for

Hows of Phovene o Ploichieene sl Bt avedl winppine teids ra

shvn Aok e Bovene sbeaba Bieooitber ahmee thon or b

bedibndh wibh o The slides Bodow Bhioun wro doumnoniy bakad
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weny the condact. Oeeasionally the sedimentary rocks ahove and

biolow eerbain Howsahow Hhe aetigr ol heat. - Sueh beltsof andess

ite were presumably intruded in the form of sills contemporane

otshy with the andesitic sxtrosions. Instaness of this condition

ity be seen in the rock hill sutliors al Duswanish Station south

i

ol

Seatbtle as well as in the rock exposures in Cowlitz County.

Iy

The volemnie materials range in mineralogical composition

[rom busic andesites to acidic basalts.  They grade in texture

from dense glussy lavas to conrse graimed granular types and

from fine grained voleanic ush to coarse ejectamenta.  These

several types are often intricately mixed.  In cortain localities

s along Columbia River individual flows may be seen resting

upon one another.  Between the different Hows there wre oo

astonally deposits of ight eolored or yellow clay ranging from

n Few inches to a fool or more i thicknes, Carbowiceous ma
tovial s often meluded within the ehy indicating the probalile

=

existanioe of veschation duving the intervads between the out:
&

pouring of fava Comimonly deposits of Heht colord voleanie
tuft of considirable thickness arve interenlated with the laova

ﬂﬂ“’f’l .

tovery often huppens that thick lavers of 1ol broeem have

thin tongues of glassy lavicinterealated.  During the neeumula-

tion of the series quantitios of ush and benldirs were b eontaet

with liguid lave and were in part mixed and earvied along with

it. In certain arveas these deposits were forming on tidal Hats

o csbuarine basins and wneh of the finer material was sorfald
and partindly stratificd.  Marine fossils are oceasionally found
within these partinlly haked shales and tuffs,

Within the lower Cowlitz Valley and i King and Pieree

"

‘untios harrow andesitie dikos und Sills are of ¢ ciir-
Lhed bl SOHRPPOW oot b dhKes adl s1his wre ol sohidonon oecim

reee. Phey ranpe i thickness fram a few Tnehes Bo bver Rty

fect.  In soveral places as at Coal Creek in Cowlitz County they

nterbedded andesite Hows:

arc elenrly feedors for the

}
Uhin sections of al

these varivus phises were pvanmine

Hierose

o Partial chemiead a

a 1
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betweon apdesites and basalts, A nivnber of specimens were

sithout question typreal busie andesibese while obhwr samples

proved fo be buaalts

THICKNESS.

Prosunbly lnvge wmounts of the tobal sediments dopasited
during the upper Eavens have Been remunad by cvosian. The Ba-

cene strata uve heon folded anil in part eovered so that at v loe
cality can the entire thickness be observed,  In King County de
builed stratizraphic survers have been made along Groen River,

The buse of the formation was not found at any point.  From
sevies of earcbul nwasireiments mde da the canvan of Groon
River the Bocene deposits exposed were estimated to have s ap-
proxmnate thickness of 8,000 feet.  In the vieinity of New Casthe
aned Bssaquah the Foeone sedimentary rocks havie a thickness of

2000 feet and vest upon andesites which are also of probable

Focene age.  They are overluin by marine Olizovene sediments,
In Pievee Coupty in the region of Carbon River and south-
witeed the Foeene strada atbain a thickness of 15000 fect, . Hlowe
the Bise of the formation is also unknown.  In Thurston County

Focene roek outerops occur as isolated cxposires. In the region
boebweon Penimo and Centealin interbedded sediinents and baas
ave dipping to the south at low anegles and possess an extimated
Ehitckiess of ab least 2000 fool

In northern Cowlity and southern Lewis countios sedimentary
anddgneots rocks of Foceno ape ocenr b indervads from the
bown of Winlock o the north to Castle Boek o the sonth The
tawermost beds are exposed near the town of Castle Rock.  Sue-
cessively higher steatn are enconntered to the north wd the
tpperiost beds are exposed near Winloek,  Approsivmtely
RO00 foet of strata are mvolved in this section.

In northern Clallam County in the vieinity of Port Creseent
Baceie lavas aond shales possioss u tolad thicknead of sbhowt o
000 feet. In the central and eastern Casende Mountains the
Swauk, Teanaway and Roslyn formations, all of Eocene e,
have a total maximum thickiess of 12,000 feol.
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STRATIGHRAPHY

The details of the stratigraphy are given in the deserip-

tions of enehoarens The wost eomplete seetions have  been

measured in portions of King, Pieree and Lewis counties. In

the other areas the exposures ure so seatterad that only frag-

mentm}' seetions oan b omade Phe bvpe marine section for

wostern Washington is the one just described as oceurring he-

tween Winloek and Castle Rock.  The followmg lithologie sub-

divisions are recorded

Popeof Sectivn Frit

Muassive cloy shale, svading o places it sandy stiale, a8 exposed alpag the

ks of Cilogqua e ek aomtho ol Winlook and alsa in the hanks of Uawlite

River do Section 5, Township L1 North, Runge & Westoane leeadity 2t

Fhuse Steada cometitute T hesbasa bomemor ol the obimieine o0 boen e i
Chibci sy shale gegding dnto massive chae shale o0 ok Broswenish L.I‘M
ciadori D ER s ees of TS e aei met s vaey ahandant it chnain pes

siisional speoimen€ ol enedidard b platndonste sond P ereitedba wrasios. T HEE

Beothe wppe st taeine: Bocene s vet peenenived vt the siste oo oan

Shaby samibdome s RS Ui e
SHelabe dhimbal drply Shpte o T
Shieliie pivbonavobus sl sl i A i 3 Sh
Bamdy bl i e R e e e e e e B
o teed savindstone oned s ombimbe s s nenn s i D e Ui g 10r
Bl sbighalysandy e ioppoe et o id H s e i bns e ainamd nig

marime Dol Tanma o oo i b e g
Mgsaivie dhay ahade! e eqiivationy Gl e shades deairilng i b e ot

o ibe River e Seetion 2h0 Wisenshiloe L Nostho Bamie 2 Wst o ol
Ramide chax shnlec Base of g anarie dGIISIon . v b b bl Tu

Yolldw el Brown! shodstone with inreeedded Tenkiie  bverss T ot

Stemesooftetl viele b vivhonneconss sandy Bevers O lhes Bdnh senedinge
Wit hese wieitd are eutively or brnekishoswntor oeldnn cosn iy il

Pkl wator bedso o Dieht ceeae s fimesivie cddav s shaless sonuining o tiags

froph svitor: Povepn invortdloite dossita - Posstb doiibities. 2050 and: G000 oo

S BRese Bl e e e 1hn

Beackislowioer b Sl shabag and shaly saiBtones soading intn lmmn

sl wettow enminsu giinod sanddiones pll of shlel 1w or dess v

ansl o Pannasiat docalities 281200 E and oS00 nocare i hese Disils S50

Apine bk Sandy sty shides praddng o shalbe sandstanes S Banaas gt

Topa b ee i i 00 e R e O R R T e

REATE T THE Dasal phetion of Ehils Talv e ais Ink o bodsd 0ff Dieg ORI i

opiei s Belows thie st nosodetnibed tiepsaramais ves ieon s he

gnderbving strabi aope thoase o lesd it o preas et wenne Casthe ook and

Oy nsy Nedow s araleditn. il ailts ) pic i enialed s wilc e salm

Wennres T s e s

Tiibal ek iess ar e Bloeknl ey o VT

Prossildn S pnivRness b anineasured s bea s ngnaleek oia e histweein Uil

Book amd oM s e i

Fomsihibe potal thbeRuess b Bocetie ss oxposerd fnc this lover lowdig Vatley T

s northeastorly

thee seetion consists
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of alternating belbs of biva, tufl, shale and sandstone. The up-

per portion is entively vomposed of sediments, having a thiek-

nessoof nearly B000 - fect s indicated abover The lower buds

of the apper measared porbion ave ol macine optgnt  Ahove

these inosequence are brackish water strata, fresh water, brack-

ishowater and fnally macie ab the top. Resting upon the up-

permost Eovene beds nre sundy shales {‘{nltﬂit\illg‘ i taana of

lower Oligocene age. The contuet relabions suggest an une

conformity,

PALINA

A total of 180 speeics of invertehreate fossils are koown

to vecur withm the upper Boeene strata of western Washing-

tome O these 52 are Pelecypods and 77 are Gasteropords,

In-sddition there are two species belonging to the Seaphapoda

and two speeies to the Cephalopods. The following table i

i

dudes o list of the upper Eocene fauna of the state as known

ap ta the present thoe as well as the loealities at which the dit

ferent species voom
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BOCENE.

GF RPEOTE

EEsE

ELEDRPODA
Fodyienta peilaeidae: Gk oy
oAbt toaise Gabh
Bl undhnn brewerl Gabl
aedbinn sooper] Gable
o Cnnb oleguanensls W’nm*m
f Corkndn bopail Gabib ooy w e
Totwabdle v Bpa
B Craesntallites washinetonensiz ‘i\e-w\r
4 Leaentellivie pranidie Gobhe oo .
W Crassatoliites merrinml Weaver. .0
o Cpassatoliites dali Wenver.
12 Crassatellites contiizansis Wenvir 00
1 Oraseiteliites. compuetn Gabbo,
Uyreini hrevidens White.. -
Corbleals sowliteusie Weoaver.. 00
Carbieats cofunlaensie Wenver
Dlploddonta polita. tGubiby

Llveinieris mgiimm e N

tilvoitnerls senonion (Weaveri Sl
Glyeiinis enenien var Tandest (V&ea Vit

bl vinlerpnsis EHekorson

Leilb babibd Clomeaad 000 G
Lok vt
Morotriy BuoondlGabl o
Mareiris DN EsGoG Coneido

Muredriy civalis Gubb.
Meretris: olbguahensis: Weanver

Mopobrin Wmgn ! Gabb, o000
Maveia gnndratba (tiabbn

Murein potivadara (Gabby
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Mavine invertebrate Tojon fossils are confined entively to

Ehis sestien part of the state. Nonk acenr i the Swank o

Houlyn formations of the veateal Uasendes. Fosstl plant res

niins ocenr hoth in the fresh water wnd estuarine deposite, In

many cnses the plant beaving estunrine beds are mterbedded

with the smeine steabe o Sueh evidimes andieates Ll the fosul

i

plants of the western portion of the state are of the smne age

as the marine pwertehrates, namely upper Eocene,  Tnsufficient

work has heon done on the Fossil flora of the st bads of

Hie Casedes to show their relations to the fossil ora wost of

the Caseadis,

Near Duwamish Station, south of Seattle. marime beds con-

bininge marine ipverbebrate Tossils ocenr associnbod with the

Hamite beaving straba which ave the equisalent of the conl bear-

i stratn of New Castle and Renton. Presuiably the es-

buntime bads of King and Ploree eounbies dre of Teaon ov upe

per Bocene age

The upper Bovene marine faanas of swestorn Washington

show close sinulamtios at all loealities.  Marine and estaurine

skraba are mnberbedded hot the former oveur nenr the base as

woll us at the top of the series. At the preseat e theee

wiems to be no sufficient ecidence to wareant subdividing the

Tejont mto formtions. Several faunal zones may oltiately b

recognized. - In the type sechion hebween Olequa and Winlock
bl isrie favnas bave thely elosesk velabionshilp to B Siphone
alin suterensis Zone of the Tojon of California”

The fosstl Born vavies somewhat ab ilerent localibies but

the straticraphic relabions in those localibies where ecollections

bive been made ave ot i all cases known A large punber of

the speeies ave dew and undeseribed and theie vange tnknown,

COXDITIONS OF DEPOSITION

The bathyvmetrie conditions under which the upper Bocene
deposits of western Washington scamlated sanged From very
» N

e ey T
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dophh of LU0 Fadboms. Corals are uaknows a8 dosails an ties

dopusits,  Gluneonite whioh s comnon in partions of Hi Bocene

af Ulnbitormn bas net boen roeopnized o the Bovene ol Wasl

mgton, Uhe mujority of the gonera belonging to the Poleex poda
and Gasberapoda sre forns whose covivennwnt s in the Gbaeal

e sudidittoead sones IR erenbind suloidonee sd vlovnbion chiaes

acterived the sen fooe duvine the Tepoun spoeh, In thoss par
Uinid ol Ring, Plever nd Lewls soinilios where eibinieing condi

Lons prevaided sscillations of e sbaement toors st bave

Bedn Broiliont.  Ohey TOU ol o earbionaconis sons are in
terstrbibied w il sanedstone and shade menbiers s eneh tonre-
sents o ntervad of thae during wloch sesitation fourichad

suder possible swmpy condibions, Pl sambslones or sl

abov pm“}s SURLE e wsey T:lii{ :}mi En:iivmh- enimfxfcnm- :imi it
borral of Ahe former senp aressc Whorever the st vone

Ban nnrme fosstls there o svbdbnee that the sebeidnes bas boon

sufeientle prend Bo catise The darind wabors B drnse i iy

fOriney petiia s

The arkosie clinrackor of by of the pssive sndaiong

pembers an Ring and Plovee eontis dudicates niarby Lud

artds composed neaely ol seranibie or dinribie socks which wep
being vicorvousty subijected to vrosion.  Presuninbly portions of
the Indes, ME Stunrt and Swogquehuic eranodioribes were in
parl supplving this nberial. Many of the elav shades show
rippde moeks indieating bhe presinee of extensive tidal Haks
prestmably situsted near the shares of the estunres - The
sttbaneous outpanring of davas wnd bhe deposibion of el

came budls have already been dolorvnd 1o

CLIMATIC COXDITHING
he alimate of the Eocone in Washington as sell as in Cali-
formia and Orepon was tropienl. The marvine invertehioates bee
fonige to ponern which ave found for Bhe mosk part o the preant

5

i tlora tells the s

Bime n the waters of the tropies. The to
storye Palms and other closely alhed groups predominate. - In
the upper beds of Kine and Pleree countics s well as in the

-
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Olequa-Winlock region the Hora indientes the presenee of

species of sveamores and bivehes,  Apparantly fowards the close

of the Tejon epoch the elimate heeame somewhat cooler aned cors

tuine anstral types of plants began to develop,  This clmatic

change is evideneed in the Hara rathor Hhan o the Bawe

NEWUASTLE HILLS—GRAND RIDGE AREA.

GRS PRIBL T

The Neweastle Hills are the westerly oxtension of a spur

from the Caseade Mountains, situated between  Snogquahuie

Vallev on the north and Cedar River on the south, They

pe

range in elevation from 3,000 feet, south of Grand Ridge, to sea

level at Lake Washington,  Beth Boecoe and Mioeone Forme

tions ovete within thews  Phe Bovene, eonsisting of both sedi

ety and voleanie rocks: QECHEpPIes i aten aboul Bwoi il

inowidth near Lake Washington, but inereases castorly e the

vicinity of Grand Ridge to over four wmiles. This belt of ont

crops trends approsimately east and west. Phe western ond

swings slightly bo the worthwest and the wstern cud o the

uartheast in the vicintby of Grand Ridgo

HARAUTER GF O meInes,

Poothe north of, and fninging the helb of Boeene sulerops

just doseribed, are marvine sediments of Oligocine nge. Po the

north of these, Tor o disboee of over ifteon milos, no vualeraps

ol fornations older tHhnn Pliistocene glaeinl deitt deposits aic

Kaiowi to appear ab the surface ab any locabty, Boed rock e

donbitedhy exists ad vartous deptliv below the thick eovermyg of

ghacial deitt. Glacial deift of varving Hhickoess mantles the

Newenstle Bhills, bub o many places if bas been removed by

crosion oxposing bold outerops of bod rock suelias Squak Mo

Lain anel iy Mountain immediately cast of Issuguab Creck,

Phie hills just north of May Ureek e somewhat rugped and

shiaw o offeets of bl seoiding.

LB Y
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Interbedded Tufts and Shale in the BEocene Basalt Series a

DNR-00005092



S

graphically above the latter.  The sedimentary division is com-

posed of coarse grained sandstones, shales, snudy shalos, shaly

sandstones, and earbonaceous seams. These several phases of

the formation vary in thickness and are mterhedded with one

another,  The sandstones are commonly conrse grained amd ap-
pear to he largely composed of materials devived i part from
voleanie lavas and tulfs and in part from granite and gran
odiorite.  Cross-hedding is generally very pronounced in this

phase of the formation.  Often small seams of a chocolate-hrown

tolored very fine gramed shale oceur mterbedded in the form

of lenses within the sandstone.  Near the upper and lower por-

tions of the thicker heds of sandstone at the contacts with the
shale bands there arve commonly very thin lavers of shale less
than one inch in thickness mtechdded with narrow seams of
saudstone averaging loss than onc-hall dueh i Hickness, giv
i this type of vock o banded or lnminated appearance. The
sandstone masses are sometines as el as one hundred and
fifty feet in thickness,  The shales are commonly massive with-
ot very distinet bedding planes.  They break with a conchoidal
fracture and oceasionally possess considernble thickness. The
sy shades and shaly sundstones ave genevally havder and pos-

sess welladefingd bedding planes. . Within these are often found

remains of fossil leaves, sspeeindly in the vieinity of the ear-
honaceons semms,

T the Coal Creek niine hundreds of tassi] Lrees aceir stand

ing at right angles to the bedding planes of the conl seams and

projecting upwards inbo the shales and sandstones ahove. Many
of these trees have a dinmeter of four ar five foel,

"Phe strata outerappme along Coal Creek and in the under.
grrond workings of the Conl Ureck mines are Lithologieally very

siihice o those an Fibhetts Creck i Section 82, and ta thow
at Issaqual m Sections 26 and 88, Some mmor variations,

however, may he noted along the streike of individual heds or
conl ¥ caxe of the B Conl
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The belt of dwweons rock which underlies the sedimentary
plicse of the Bovene s composid of a0 serles of lava Hows with
mterbedded voleanie tufls apparently dedived Team sl fic
sires and vents an o the bomediake vielnity,  None of this e

Forial, howeyver, i3 found intesbiedded with the sedimentary por-

s of Ehe fornmbion above, The base of the sodimintary

srmation b= composad of conglomerades nuule up ol pebhles
and houlders fiomle comented and derived divestly from the
variots phasesoof this dvoand falt & envelul sxminntion of

the bnvn srens alone the sdichinad belt shows the prosence of

b nteusive gnaterinl of the swne nabure badieating Hhad

ik

ents wers conthmensty being bpened throueh the carlier van
sohdated porbions of the How, allowing fresh material to well

ot over bhe snrfaes . Many ol these Hows show the effvets of
wmaveient st oprer fo consolidation and contain imipuley
shimped angubor bloeks of hordened Lova winehl they have ears
tied along with them The bull beds contain varions sived frag-
mends of pamtee whieh bave been Beady induratal Some phases
of the hivn are very porphyritic showing large crvstals of feld-
spar imbedded o Bhe erained groundmass, Other phases
prissess o distinetly fine grained basaltic appesranee: sonwe -
divichual tlows are completely boneveombied with stenm cnvities,
DROLOGH BERUCTENRE

The peincipal sbroetuead Foctore of the Naweastlo Lisagualy
drei isoa brond antieline brending slong the diveetion ot
Newensto Hilleo  Between bikes Washington and Swimmannsh
Poteends Novth 65 Wesk  To the viemity of the town ol Tssa-
quab sl Bquak Meustain it brosds nenely cnst oand west and
Phen tuens North 350 Basban the viennty of Grand Riudoe. The

narth bmb of the anticlne between the Neweastle T and
Grand Rideo devdops into o brond svneline Hi axis of whieh

trends noarly doe north throueh Lake Sampuanish,. The west
;i & 8 7 i i

"
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ishand ix almost entirely conposed of glacial dreift, but on its

western side in Section 23, Township 24 North, Range 4 Bast,

lge broken boulders of hasie igneons rock outerop at the

water's edge. which may possibly be a part of the core of the

anticline,  Tmmediately west on the Bailey Peninsula and just

south toward Brighton Beach well defined outerops of Oligo-

cene shales and sandstones outerop. These strata have a north-

east-southwest strike with a very steep dip to the north. They

are a continuation of shuilar strata occurring in the Neweastle

Hills just north of Coal Creck. This, together with further

evidenee i the Ruinier and Duwamish valleys, show conelusive-

Iv that the anticline oceurving in the Neweastle Hills crosses

Lake Wiashington and then buens south toward Dawaiish

Station

Along the eourse of Conl Creck from its month to iks bead-

wakers, nuinsrons outerops vecnr upon which observations for

strike unid dip can beobtained. These show the strike to range

froms North #3 West to North 70 Wt the latter provailing

wenr - the headwaters of the ereek at the town of Coal Creek

The dips range hetween 400 and 707, The general average s

between 45 and 50 to the northeast - Similar observations

were token farther to the northeast along logoimg and wagpon

roud puts in the pverlving Oligoeene farmations.  Fram Coal

Creck these same shrata eross the mountain vidge aod veappear

on the north slope of Squak Mountain between 'Dibbetts and 1s

suquah erecks - Fxeellent observations on strike and dip may

B baken in the vicloity of the Superior Coal Mine o "Dibbetts

Ureck an-Bection 8%, Pownship 24 Northe Hange 6 East and

alsoan Beetion 33 same towaship and ranges in the viemity of

the Issaqunh cond mine al the town of Issagqual. . The strike in

s

soth of those loealitios 15 nearly cast and west with an average

o

ip of M) to the north. Do the viemity of Grand Ridee in Sece

tion 26 the strike swings to the northeast.. Nuwmerous shserva.

Lions were o
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Bast, soveral oponings bave beonoade dn the bed roek sbrata

alone the conrses of simall erecks, oxposing eonl sennms as wall

s osahidstone and shale sbeatans The sbeike svernees North 450

Bast with o dip of 85 1o the novthwest,

o the north and east ol thise onderops the Boeene pocks

vy foneey pxposeds ot nve coveriad with g gery thaek waatle

of ehicial dbeitbl  About fage aules sontheast of Section 18

RBoevtion 28, Powaship 24 North, Hange 5 Fast, ouberops of

sanndstone el shide are sxposed Toon radbtead ent Just west of

the puint where the Northorn Paeific sailway cvosss Rupny

River Ple shrike of these beds s Novth 33 West and the dip

s bebween 85 i Uo7 o the northeist o Alhoueh thew

oo absolute cerbainty thuk these are o conbinuation of the oy

postres in Section 15 vet 1 ds probubide thal they are such an

extomston sl are o part of the noeth hob of the Neweasth

Flills antichive. The midn axis of the anticline has boen indi

sted upen Map B Plate 1Y, and consists of dhnest continnous

agterops of bealtie lavas and Wl boine steatizeaphiondly b

low the Boeone samiliboros and shalis

Erom sueh evidenes as onn be obbaned on Moy Creel adong

Fhe south sude of this anbichine the probabilitios arve very strong

thad the strats on the novth slope tormerly arched over the lava

dnd dippaee southwaads extendead der what 8 now My

Crook Vallev, - Phe wviilones poiabing teward Hhi canelision

sy bie tound g Beotian 20 Powisldp 28 Novth, Runge 5 Bast,

atang the Moy Crecle wagon vonl - SBeverad wxposires of sand

stone and shade appenr on the north side of May Creek close to

the wagon rond and near the sueface are dipping almost vertical

with a strike of North 75 West which s approximately purallel

by the aatielinal axis just desenibed AL Hhis palnd on May

Crock, a seam of conl has heen discovered and a shaft sank upon

koo depth oof 8958 Feet o ALt doot of the shiadt o cinssont
has been driven to the south for a distance of £50 fect.  Along

This cvbsseul sevepal seanmns 1)? vorl wore cneounterod as 's\“l,‘”

bs sanddstone and shale steata ahich Hthologically resemble

very closely those in the Coal Creek and Neweastle mines on the

DNR-00005096



north «ide of the antichne. At the depth of the crosseut below

the surfuce the strata ave no longer piteling vertical, but as

stinie 1 dip of 64 to the southwest,  Outerops of sandstone and

shale on the south side of the antieline ave ouly koown i see-

tions 1 and 2. To the west, toward Lake Washigton, the

country is almost entively covered with deposits of glacinl drift

'

and the only pre-glacial outerops exposed at the surfaee are

acensionn] masses of basaltie lava and tafl. To the enst of see

tions 1 and 2 no sedimentary rocks are exposed for a distance

of six miles.  Throughout this distance the south lmit of the

=

lavas which is indicated upon Map B, Plate 1V, is in direet con-

o

tact with very thick deposits of glacial drift. In Scetions 12

wined 1k ri‘tm*nxhip 25 North, Range 6 East, oumerous ox-

postres of Eoeenu sandstones aod shndes vontainbie conl uny be

seen slong one of the branches of Issaquah Creek,  This belt is

about one-third mile in width and two miles in length, On hoth

the northwest and southeast sides of this small belt are large

srvas of widesitie Tuva which should steatioraphically underlie

the sediments,  These sediments are presumahly a remnant of

those which at one bune arched the anticline and bave been drape

ped into their presont position as a fault block,

The vertieal and vven overtarned position of the strata along

May Creek strongly suggests a slightly overturned anticline

and nlso a possible fault approximately parallel to the strike

Along the sedimentary iomeous contact o numbir of plaecs

s ey be soet near the May Creek eonl shaft there ave slicken:

sitded walls on the Toval 1 sueh a Fault exists it quite possibly

#

extends southeasterly into the SherwoedsPavlor vegion which

will be deseribed later,

From May Creek sounthward to Cedar Creck no ouberops of

Foeene strata have heen found to indieate the intervening

stractire. . The northward pitching abtitude of the steatn at

Renton and Cedar Mountain suggests a possible synelinal basin

of Bocene strata trending parallel to and lving hetweon Cedar

River and May CUreek,
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The following strabioraphic seebion was mensured from the
base of the voal series on Coal Creck to the topoof the productive
Tmneasured Focene strata extond above ths
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GREEN RIVER AREA

GEOGIAPHIC DISTRIBUPION

I'he region mvolved in this ares comprises neariy all of

Township 21 North, Range 7 East, the eastern balf of Town-

ship 21 North, Range 6 East, the south hatf of Township 22

North, Range T East and the southeastern quarter of Town-

ship 22 North, Range 6 East. This territory is drained by

Groen River in the eentral portion, Cedar River on the north,

and White River on the sonth. It extends easterly to the foot-

Lills of the Caseades and ineludes the low glacial hills of the

east part of the Puget Sound Basin. In places the glacial

covering has heen in part removed by erosion and the underly-

iy Bocene sandstones and shales exposed. "Phe mest extensive

atbrops ave along the eanvon of Groen River and i the sadler

streams emptying into it Tiger Mountain at Bavoe and Sugar

Looal Mowuntbain vear: DPhachan are hedrvoek: hills of sandstone

suvrotmded by deposits of drift. At the eastern minegin of the

vegion the Focene sedimentarvies pass beneath the Miscene and

Pliseene davas aml tolis . The contaet voughly follows the

western escarpment of the foothills of the Caseade Mountams,

LithHopony

The Boeene formation exposed within this arven s almost

exelasively of Sedientary ovigin.. Minor anwounts of igneons

material oceur in the form of dikes and sills which are probably

wst-Foeene in origin, They ay have been feeders to the

Eatnelow lnvas which nndoubtedby ab oo former e covered

this area

The sedimentaries vonsist of sandstanes and shales of vary-

mie chuenetevistios.  The samdstoned arve usunlly mnsspe andd

thick bedded with a hrownish gray color when freshi. Often they

exhibit cross-hedding, - Certain phases ave very econrse grained

and arkosie.  One of these beds, as exposed near Frankhin in the

canvor of Grreen RBiver, s almost 600 Fectan thickness and B

persistent i Lithelogie ehavacter throughout this wren. "This

belt s medium grained and havd.  When weathered it assines
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The Tertrary Formations of Western Washington 111

Hight Brawn color and forms abnost vortieal eanvon walls, These

massive sidstones necasionally pass into shaly sandstones and

from that condition into sandy shales.  The shales range from

ol greavy B a bvawn and Tront oo massive condition bo o dis

toetly honinated phose. Naveow hande of all these bypes vecar

interbeddal with one another. Al phases may be seen o the

expostres along Green River

Interheddal with this serivs of sedbents are nitnerons eonl

senms andd - carbonaecous shale bods, They vary o thickness

Fromn s fow anches todifty feeh TPhe eharacter of the conl ranges

from a hituminous to n low grade lignite,. Within caeh senm

bhere are varintionsan chavaetor from the bose to the tops Phe

different htholowie members of the formation meluding the car-

bhanaceous seums often change in composibion when followed

slong the sbrike of the beds indieating differant comditions on the

sen hottom st the bime of ther deposition.

The trosive dikes and sills are navvow and asoally inter

eatated sath the sedimentary beds - They vange from n fost o

B feet in thinkness. Whew fresh specimens can be olitained they

are Tound to be very Boe prined and compesed of ibiradorite

feldspar and aumte. The minerals ave alwavs more or Jisg

altered and the phenoervsts wee ooly slichtly Invger than the

nncralites of the eronnd nss The roek would be clissed us o

basie andesite

Pwelve of these dikes veenr in the eanvon of Groen River hes
toven Kummer and Paber Junetion. Sixc obhers are on Coanl
Ureek sonth of Bavaeo One of the lavoest dikes ovenrs in the

western Balf of Soetions 18 ol 19, Township 21 Novth, Ranpe
T BEast 1t evosses the Cohunbin and Pogel Sound B R near

the center of Section 18 and brends nearly due north for a dise

tanee of one mile. 1E o overlam and underlaim with BEocene

shales and pitches with them bo the west ab an angle of 207,

Rl TRy

Phe excellent exposures of the BEocene formmtion i the oan-

vou of Green River aord opporbuntties for consbructing straby

raphic setions of the wevies. To the nnderpround workings of
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the conl mines as well ne ot many loealities both to the novth and

soith of Green River partiad seetions may be messurod whiehon

many cases can he directly referred to their true position with-

in the complete seetion as exposed along Green River. As a

result of such field studies it is possible to subdivide the Green

River Foeene into three lithologic umits.  The terms Bayne,

Franklin and Kumer series have been applied.  These sub-

divisions can be recognized only locally and cannot be used for

o

lithologic correlation purposes. For this reason it would seem

hest to regard them as members and not formations.  Detailed
surveys have been made in Green River canyon and the lithologic

vavinttons from the base to top of vach member hive boen de-
terined.

The lowest division, or Bayoe membor, consists of a pre

dominating series of shiles together with subordinate wmounts
of sundstone, shaly sandstone and carbonacvons bids.. Tt has a

thickness of over 8,000 feet as weasared along the eanvon of

Gireen Hiver from the eenter of Beetion 17 up the river to the

east line of Seetion 8, TPownship 21 Northy Hange 7 Fush - The

top of this member appears at the Franklin wagon hridge at the
contact with the Franklm sandstone member.  The Tollowing

seetion was in part measured by the weiter in conncetion with an
investigation of the King County coal ficlds:

RERATHGRAT I BROTION o0 AN KT MEMIER,
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The Tertiary Formations of
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The uppermost division of the Bocene sedimentarios as oxe

posed in Green River canyon consists of a predominating series
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Herngs

of coarse grained light coloved sandstones together with nu-
|

inforenbutod steaba of shinde and erbormeeons - heds

They possess a thickness of sbout 1800 fout sl nee deseribed

as the Kummer membor. At the base of this series there ds a

light col

ored massive sandstone having a thickness of 495 feel.

e

he entire Kummer member is involved i a syneline with the

basal sandstone of the western b resting in the enstern half

of Sectic

m 26, Township 21 North, Range 6 East.  The fol-

lowing s

tratigraphic section has heen: meastred:

Steativtanhic Seetlon of the Kunier: Mombey,

Topyoaf Beotin Foid
Banded sandstone oo : i
Vitvrnaling bads od sloile saly shmle and carhongreedis seams - Bl
Massive Biewn: Leompseogintioed sandsbene s D S 0 s skl
Grenpia b e N i
e e e e i
Alcssives bt i senrsrsgrainsd sl s e s ey Tut
Lhavk evay sholy sundstone B
M hipeeeen, mesdione granioed smdnteine e o o 10
Costbomml emiharserins Shades e A
fapnywandyshabe G i1
Copdy sl o
Celmemn i e s
Misives hriows geay vonrse wpninnd sidstine 00 T
lond-matin i
sl R My
Vet g RS S G : G o
vk gray shale) 2 .
Coloseam oo Sy ST CEEREOVTSES s e 4
Heawid=l vy sandsbones s iy i
Bird olay . n
Combomenn L D i e i
Ahcaive dnenish o svay onhrsesenined snidatone 450

Bawe ol Buetion

Porabo e Hink

No ostrata of purely marvine oripi have been found in the

Groen R
water

ver area. In the Bayne member, speeies of brackisl

ollusen are occasionally found.  They are in a ha

state af

preservation but belong mostly to the genus Corbicula.

Ny anhad

tvisions of the Groen River Bacene can he formed on

it hasis of the brackish water mollusean faunn.  The species

BecHrEn

¢ here are connnon in all the brackish water zones

trterhede

led with the marne Tejon ovenrrving farther to the

sonthwest.  Fossil plant remnins are abundunt at wany loeak

ties alon

& Green River hut there s insuficient knowledes cons
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cerning e species fa warranl oding thes far corvelation pue-

pHass,

bl duo i WeE (R

Whe weolowie steaeture of this aren s very compley, Do

tailed braversed Had in by transit sorvevs were gunde along

Gioeen Hiver from Section 28, Township 21 Noeth, Raupe 8
Eit Bo Section 18, Township 21 Novth, Rangd 7 Fast, o dise

banee of over sevenbeenomiiese  Steabioraphic scebions were made

bhranghout this enbive beaverse. AL e vaviibions 1o strike
sincd dipowere pecorded in thele exnet posibion dalonge Hhis traverse

Hieo Fhis Hee aod all hacrvabions Bl ito i have boen platted
and may be referred to i the vepuarl on the Bing Ubanby coal
Helds ¢

Observalions oo the sbeikes and digs Bioe bean taken ol

all points where outerops wore Tound booocenr, sither above op
below weoinnd. Bean the resalis of sueh data 3 has been pos
sibile to defermine the approsimate steucture whieh the Foveny
sedientary formabions now assume,

The broad generad features of 1he structuye consist of o
serres of nearly parallel antichines and senelnes pitchinge to the
south, Phelr average trend s Novth 20 Bast Oue broad
synchine beoing on the bowadary Hae bebwoen Hadges 6 and 5,

Pownship 21 North tn the vicintby of Sechions T 12 This

sviieling avernges shout two miles dnowidth and ot deast six
mibtes i deneebh - A deast siv paralledl anticlines and e omany
synelines Le on the east side. One anbicline and one svncling

He op the west. What the shruetore mmoe be bevod 1o e
wosk, cunnot be deteriiined buennse of the alsehite disappear
aee of the Foeone fovmations beneath o very hick coviving
of slacial deefte These antichines and syoehines in the viemity

of Codar River, to the north, abso disnppear below u very thick
covering of dreift and ouly reappear in the vieinity of TPaylor

and Ragine Hiver,

% partioad the owork whe nuderctnkon  huithe cwrder dduring the seasen ol

PO and b adetiiie oy ioc e onrmed b s oo pativinge oreper an b
cesih Bebb ol Bine Doty Badhebbn o 8o Wailibnatan Cend Hievey M
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In addifion to folding, the steata have boen ent by nmner-

otts faults, the most prominent of which trends m oa sinuous

manner nearly east and west and has disloeated the steata nearly

at right angles to their strike,  This fault appears to hogin

Section 21 and to extend westerly tHhrough Sections 20 and 19

of Township 21 North, Range 7 East, into Sections 24, 13, H

and 15 of the township immediately west. The dislocation along

this fault plane has been definitely shosn in the undergroun

workings of the Frankhin mine and in the disloeated positions
of the big heavy massive Franklin sandstone adjacent to the

fanlt plane.  Numerous minor faults ocenr in this region,

CONTHTIORE DR BEPORITION

The Foeene sedimentavies of the Grien River avea as owell

dn those b the Pleree Caanty conl beld e of shidlow water

srtgin, - Thov were deposited dnoan esboadine basin whieh due-

g the progress of Focene bioe was inoa stabe of dilterential

axcillabion, "The vesults of these diastrophic anovimients are ko

be observed in e albeenating chavacker of the sedinents ald

o the nerens sberbodded eand] seamss Some of the lawer

grade seamis atbudn s Hickness ae groat as ifty foot.

CEDAR MOUNTAIN AREA

GO REATILG THRTRIBIITIO

Plisosoven s stbuated within Cedar River Valley o Sections

29 e 30, Pownship 28 Norvthy Range 6 East. The surround:

ing comnbry is very heavily covered with glaeial drift. - Theeo

miles ko the north, the basalts of the Neweastle anbicline ait-

crop amd Bve amiles o the wesk the Renton conl mowsures ap-

penr. FExpostures of this formabion are well developad i the

bariles ob Codar Rver o Sechion 29 In Seebion 30 the sbeata

swee well doveloped slonge the county road and 1 the Wl gust

south. A number of conl seams oecur interhedded with sands

stones ad: shales und these have been opensd up by o series

of inderground tunnels.

LSS AN
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SIRATRGIEATTEY

The Eocene formations in this region are composed abmost

vutivehy of sedimentary voeks, consiating of sandstones, shales

and carhonaceons hals, The total thickness of the strata as

mensired apon bhe siefaee s oover dwo - thowsand oot - The

lower elpht hitdved (66l of the seition donban the voal siains.

The upper halt of the seetion s predominantly shalve The see

tion as a whole s Lithologieally somewhat sunilne o that ex

posert ab Renton. - Phe following sbeatisvaphic seebion has been

teasred

Rimiiiranni serbc nd b aEnibel b Dy More e plonE it et

Poin b Bootion Pt
il geay Al e
Broioeaeieb ooy ahage i L G ]
Trttorioaldod Sshphe dabed . saocdv shalo 2 L
Beown aaaiietone o S 5
Inbeehodileil ibatanie il b Vi -
bl manals o mned shide o : Aoty e

0 G 1
FAhn vy sl siRnidsinne . - . 40
Lk e S . - i I~
Pinihal sty sl fen . . i
i he
Bathdbnl honsaish deh sl 0 R e R et
SEO IR OOl B G e ; G
B deowidah gee dhahe o ce b
Alielve Dpoiinish Bra snibbiie oo 0 sl : o
Patieloo o S : E

RO STREUTL R

b Bection 200 Powuslip 28 Norths Ruage 6 Easty the steata

bave o shoke of North 20 West and dip to the novthenst. - In

Ehis partientar loealiby they may vepreesont the sonthwodt lab

of & svoeline shoseags s dompwhore sonthwest of Mae dvenk

and tremds dorthwest o southeast I s, the novth b of

the svneline should veaeh the sarfuee sdong tha vallos of Mav

{reck

Boubh from Secbion 20 at Cedar Mountain the strike swinps

and beeames more nearly north and south and 0 Seetion 80

heeames North 45 Bast with a
of Uwsilne M )

fol
casterly pite
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RAGING RIVER AREA

GREOGRAPHIIC B

I RIBETIax

socene deposits oceurring within this area are confined al-

most entirely to Township 28 North, Runge T East and the

north hall of Township 22 North, Range 7 East. Ragimg

River Valley heads m the southern part of Township 28 North,

Range 7 East and extends nearly due north to the valley of

Snoqualmic River. A few surfa

¢ exposures of sandstones and

shales oceur but the greater part of the area is deeply covered

with glacial sand and gravels, The rock outerops are confined

chiefly to the small canyons along the valley slopes.  The floor

i

ely eovered

s

of the valley is ent

region range from 1,000 to 8,500 feot,

Elevations in this

with d

P

g
he enbire ioren 18 cov:

ered with o deose growth of forest and underbrosh

BURATIGHARIY,

Exposures of Bocene rocks ocenr ns norule i siadl diseon

neeted patebos renderime i ditBenlt to sdeterinine the velation

of ane outerop to another,  Sandstones and shales onterop in

the beds of theovreeks wost of Raging River betweenn Preston

mid Kerebston. - Low grade conl and carhonneoons bands are

inberbiedided withothe sedunents w

il several vears ago wore pross

pected, Al of these materials

have been invadded by dikes of

andesite anid chyolites . Nearly all the conl seams arve wiore oy

less diseapted and in places baked,  Such exposures as oceur

O . SHORC D DO i i S ot ah Ureck are
long tho divide bebweon Raging River andd Tssagiah Ureck

composed ol s hrownisdo vellow ba

diy albered 1gneous rock. Bome

of the fresher speehmens upon o

sannnation are Toud ta he w

rhivalite titrusive. . Po the north

of Pavioe the dikes sre nnde:

sitic in charneters Hois possible that these dntrusives e be

in part contemporaneous with

the Boeone deposits ot pre-

stpnmnbly the preater proportion

of suelouterbps are aopart ol

the teneous mnderials which were intruded i the near vieinty

during the upper Miocene or lower Phocene. The greater pore

Hon of the ridge hebween Raping and Spogualmie valleys 38

composed of andesite wind talfs belonging to the Enoamelaw Vol

canie Beries) These bivas cover

extensive arvens from Hhae foats
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hille of the Cascades to the summitt of the range It 5 guite
possible that these dikes ure vommnnts of Feeders b these labe

Abtoccne Hows,

Phe sandstones are hrownish gray b color, medinm gramed
aand i ploees cross hedded. The shales geade From a clavey
eotihition to 4 baaded sandy shale. They wee best expaosad iy
Sechions 80 16, 21 and 6. They also outerop m Seclions 892
and 98 and continue into the township nnmediately smith shere

they wre woll developed oy the vieinity of the Tavior soul ninie

i Bechions 2 4 and 5. Bhales and sandstones waith interbodidiad
eonl seams ocenr on the divide belweon Snoqualose and Raging
Hiver vallees in Secbions 1 oand 12, Township 23 Novth, Range
1 Bast, No vory detwaled steatipraphie seelions ean be iens-
ured with the exeeption of those exposures ocenrring withio the

Favior mine.  In the mam erosscut tunnel of the anine o cross

sechion of the shradi is as Followe:

T P
Aabei vomrie vl sostane CalpnR G
e G Co L
v ernor vl wbinlloc sy s e e =
Maaabee dhide aandetiag i
e T e L e Siiimiiiiiniine i =
lavd maseive oy sanle o0 & e R e
$ e i S T
Maiive aibione S Gy Gl i i
S sl e seae £ 2 LA
Wi . <
Musilve: nnese wrndaiediainieioni T -
Bl bl el e o
Fopcann ik o000 S 1
Uarhomneime senn 0 o i G o
bos alihe 0 00 o @
el om0 Shali e Wl
b o G S g
Ll Rk Cnrn e e s
Shile v abelng doaeh b s bt it
Pand sl LD s e £
oo shinle G e f S s
Hard norssive sundstonn 000 e =
Barided sy gt | e e
Thehl eedared plastlbe e DD -
Derk wmy shage S i
Caah o ear e eeas ke i R
Liche sy maseite aamibinams e T
Combosim S i
Ik wby wboble o G
Colliomenmn 0 e

DNR-00005110



€] LaeE

Mgssies s ae Dy R i
Prirk ey shinlee oo s i
Massve samiabonie oo e b
Coh sty e PRy 4
Fieais Ak e o ; SRR s
R andsnage S e G
ol el e e e '
Massbvilaek ey sy s ol s i
Pated by dhideo i i Gl i
Masdbvee sande shabes o e e |
Shale oo e e
S bt Cop o i
Chshatasennd sl ey
Sambvoshale oo : : : i i
Massive sy sanisione - : i
Mussive gray shale oo cooanrnm i SRR e :
Thindehedded shabe oo o i
Mpssbve wrar shide oo ie i . i i
Tt badebnd aliadie 8 g S i
shle i e 10
Mssive ey ahade : : = s R TE
s e cepbida

Phe sedimentary steata are of hrackish water onigin. . No

miarine fossils are known,  The most comon specios are Balisso

rewcherra White, Cyrena brevidens White and Corbicnla puoel-

ensts White, These specivs are elmracteristio of the estunrine

Focene of westorn Washington but shve o elue as fo what par

tiealar portion of the apper Foceno they represent.
b L |

GEoLaGy R rRLern

Phe well defined antichne extunding casterly from Lake

Washington past Issaquah to Grand Ridee appacently Hattons

ot i the feglon bebwesn Besnguah and axdor and develops

into o complex series of soall soticlins and syoclines,  This

complex tolding has been further complivated by much fault-

g and the sbeata have been badly dislocated as the result of

mumerons igncous inkbrusions. In Township 28 North, Range

ToEast, the steada have been so badly diseupted as to ke it

mipossihle: to detenmine any well doefined stractures The west-

errc bl of an antichnal axis appears to trend aboat North

83 West through Seetions 22, 16, 9. 8 3 and 6. Nuwmerous

eovdet

trikes and dips have been re y of tha

Neoare ak
Banier withoone 10 o

AR AT WIS
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puteraps thil appoee o be least disturbed, possess a south

westerly dip averaging 85 . Ta the west of the sedbnentary

puteraps just wentioned, the only pre-gled fonnations ex-

¥

posed are o lew seattersd outerops of baddly albored agneois

rocks ocottring i Seetions 17, 18, 18 and 200 The areal dis

bribution of these bas been andieated gpon the acconpanying

g e while no definite stadement ean be made, yet the e

Intions of Hhe selimentaries to the tonenns sugeest o fanlt

Eresding Navth 150 West . B soeh w faudh dsiste e sedic

mnts adone the westorn shope of Rusine River Valley have
ks adonge bhe wostorn slope ol i

been drapped down to the northeast. Phe eond

el parkion ol
Raang Hivie Valley eontams uo onteveps, 1E s iieply il

with deposits of slucind deith. In Seclions 1oand 12 s He

aortheast vorner of Towndidp 28 North, Hange 7 Bast, dhe

Baceue sedimonts have o provailing teike of Narth 35 Wl

avid wdip 0D B2 1 e saiBwestl Thed G salaled o

any of the surrounding onteraps and iy possibly represent
g

Ehie wostern lanb of a osecond anbiclioe lvinge paeadlel to. and

toothie sorthenst of the ome provionsly mendionad i meckinns

e 16 and 24 I w0 s brasd svoclivad teough must e alone

the prosent position of Raging River or o Bittle to the east of

e e stindn us exposed e the voderaround vone woarkmes

in Bections ©od 19 are luodbe disloented as the seaull o fault

i

b the southenstens covier of Pownship 28 Novth, Rasee

i Baste oo onombey of voek exposures outerop e Sechion 26,

about ene-half mile west st Kerriston o FPhese sheada assume s

nen iy oensbowest shke with an svenape dip of abont 467 te

Ehe south, They ave presanably w part of B soithwsilorn

think of the anticline referved to ws brending through Seetions

16, 21 sd 29 o the west side of Raging Hiver,

In Seetions 2, 8, b Township 22 North, Range 7 BEast

the viemity of e Tavlor nine the steata biave bon folded inty
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syneline dsa Hittle over one mile and it wny b braeed northe

westerly into the northwest quarter of Seetion 38, Township

45 North, Range 7 Fas

No pre-glacial outerops have heen

3

found hetween this syneline and those exposures ocenrring m

Soetion 26, Township 23 North, Range 7 Easty just south of

Rerriston.

The strata at Kerriston have a southwest dip i common

with thowe an the novthesst Hunk of the sj*ncfirw at Favlor. It

is possible that the strata at Tavlor wee the basal portion of

those occurring on the east side of the Tavlor syneline. There

is also a possihility that there may he an anticline bending

¥

northwest to southeast somewhere betwesn Tavlor and Rerris-

bon nione the divide bebwoon Roek Lreek and the Head of Haw

g River hereds o divect evidenee to support cither view,

About  threoaqinriers

of a anle southwest of e Tavior

svucline another anticline has been deseloped whieh trends

North #5 West theoush the eonters of Sections b oawd 10,

Pownship 22 North, Ra

eling has boon largely de

e 7 Bast inlo Sections 32 ol 81

ot the township immedintely northe - Phe pesition of Hus antbi

Fermined from steikes anld dipe neone

ving at dsolated points o

fome abs coupa

L the disedssion of

he Neweasthe Lsaaquah anticline velor-

viice has hoen maale ta ?\l,"l“lﬂ[‘!‘ltul‘\' (k[lh‘l‘()fl:& mnhxining il

stanis Wving along Guy

Creck o Section= 18 il 18, Powis

ship 28 Norths Hange 6

Zast Phev wiay represent w bloek of

Eocene sediments formerly resting upon the underlving hasalts

and which were drapped

into their present position as a fault

bloek between Plocr and Issaquah mountains. Observations

baken on the strike snd «

lip e Bection 12, ou Guy Creek, show

an avernge storke of North 160 Piast and o dip of £5 0 o the

pavthwest. Jdist south, o Sechion 18, the steike of these siaine

struta appears to swing

wround b the northwest sl assunw

a-posibion abuost due east and west. The dip a8 southwesterly

anth some mivor faalting

is indicated in places,  In Seetion 12

these steata vest uneonformably upon

gneons rovks.  The done

Faeb 14 ot i intrasive one but eather

otic ol

sechimentation,
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Aot ane and oneilall nalos outhweit of Preedtan b none

ber of small doeal outeraps of shade contuining carthonacenus

demms prodeet thvouch the oplaeiadl deitt TPhey e badly
Beokon and distoeited sod no delindle structure conld bo deter
il Fhe peevatig steike s Noeth 500 Wt e the dip

very steep ba the northenst

G IMPER PENINSULA AREA
GEOLRATHG ISR TN

Fhe thnmpor Poninsuls forns e enbrone novthoustorn oo
ner of e Obvaipie Peaiieale. Phe saefiee dicbeibubion of the
Focone deposits within this avea s continad 1o bwo holts
af these Bl breds aortbwedtorly Broan Hloed 1o aed OBl
Pt to the soath end of Diseavery Bay d thonen to Bequin
Bas. Dhe other Lelt lis to dhe soutbwest of Quileons nud
extentds slone the westorn masein of Hood Cannd 4o Mason
County,  Hetween those two bedts aud on the noeth sude of the
Hist bty Phees wee deposite of shahe sl sundsbons ot Olisa.
vere onees Both the Boeone and Obovcrns vocks are thivkly
coveped seith elaend dellt. Sach anterops as oeony e moestle
s the shoeis of the Canal and ite inles

The Boeone rocks in this verion vonsist birgely ol basie
andeaites and intercalated bands of Wl o part of which have
Beon deposibid fnowater. Fapostres of these vocks neenr along
the shore Hine most of Hie distwree Trom Olele Point fo Honld
Head.  The econtuet bebween the Boetne und the overlying
Uisocene sedimontavios appears in a low ol fsnnsliatuly novth
af Olele Point. o Shades vest diveetly npon basadbio andesibes
No busal conglotnerate is present ab this locality and it s pos
sible thuk the contact may be n fault plane rather than one of
deposition,  The rovks at Olele Point are distinetly tuffaceons
s noticeably strabifid, One hall nalosouth of ta Poinl thope

Boa done sarrow ehannel cxbinding mlind a ditines of about
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materinls become more dense and oceur as lava flows.  Hood

Head 15 a0 rock outlier of andesite and the conntry bo the west

of it is composed of glueinl deift. The contact as mupped be-

tweent Olele Point and Port Discovery Bay is only approximate

sinee expostires of bedrock oceur at only a very few localities.

Andesite may be seen in contaet with the overlying Oligocene

conglomerntes in a small ereek near Anderson’s Lake i Sce-

tion 10, Township 29 North, Range 1 West, At this pomt

the outerops are at the falls and along the gorge of the creck

just mentioned.  Exposures of Bocene andesite oceur in cliffs

nearly 100 feet high along the cast shore of Port Discovery

Bav, between its head and Woodman Station.  One-third mile

north of Woodman Station Oligoeene sandstones outerop at the

water s edge and dip atoaovery low amgle to the northe B

aithes south of Waodimn Station conclomerates rost upon the
o

igneots rockse The contaet on the north side of this helt of

anidesite amy he beaved from the western shore of Port Dhise

covery Bay westerly to Sequin Bay,  From the south end of

Part Dhiseovery Hav to the head of Dabop Bay al Quileene the

oirle bod roek exposures are shales od sandstones of Oligoeene

age. A high hill lies to the southwest of Quileene, the central

parbion of which s composid of basic andesite, High upon s

slopes it s Hhidkly aadled with glacal goaviels and sands

Rimilar jencous vocks form the hills bordering Hood Canal

from Quileene southwird to Dosewallips River,  These andes-

iten, although disconneeted by surface deposits of deift sl the

swaters of Hood Chonads e e reality an extension of those an

conteal Kitsup Uotnty:s The vontaet bebween the laneons vocks

and the Oligoecne sedimentarvies in the vieinity of Quileene 1=

very dudefinibe, Exposures of shale oceny in Hwe vailway culs

Foo iles north of the tows and oxposures of andosite theee

filios o the southwesk:

LR by

Phe textural and mmneralogieal vhaeacters of the rok vary

considerable i different locahities. On the east shove of Port

Briseovery Bav, sonth of Waoodinan Station, Hhe fovmation is in
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purt a How brecein,  Large sized blocks of vesicular vounded
masses of andesibe ocenr embodded inoa fine geained matrix of

hardened toff and lavan extubiting fow steoeture.  Interealabed
with this pluse there are tongues of bypieal midesibie lnva fows,

A nnereseopie exwnination of the plaginelase ervabals shows
theny o belone to the basie labradonite vaviery, Aupibe and
miger amounts ol horablende compose the dark winernds,. A
fow sections vevealed the presence of o siunll aneunt of olivine
The surface exposures of the rock are doeply weatherod and

Presh spociens are dithenlt by obtain,

bhe bullaevous phoses e bamdad amd often have thio

vers of shade gnd elay anderbedded - o He vicity of Oleh

Point buneds of talE aversgong two or theee feet in thickness arve
mterhedded with Biva flows of abwont the same thickuess,  They

s ostratificd and seeasonalle conbaon mmrine Bovene fossils

¥

EER b

The man stenctural fentores anvolving He preglucial

formnbions of the Quimper Ponmsuln consist of an anbicline

and svneline pacallel to cach othior and trending southoast o
vorthwest. . The axis of the anticline Hes along the aven disig
mated upon Plate 1% e Pelon lnvas. The Banded phases of
the favas pear Ofele Polnt bave o prevailing steike of east and
west and o dip of B0 fo the sorth. The overlving Oligocens
sendhimentarios exposed along the shores of Ouk, Scow, Paort

Fowrsend and Porl Biseovery bavs huve s averape st to
wost shpike with woportherly dip ranging from 15 to 46 . An

examination of the sbriles and dipe s platead wpon the s

sronnd the shores of Port Pownsond and Seow Bhaed andioase

winor teansverse Foldine of the shraby on the north b ol the
anticline
Botween Port Discovery Bav aad GQtlevns, Foedne vacks il

uat aniterop ot the surfaee,. Phere arve o fow oxposiires of Hie

werlving Olieoeens swnbsbones and shalos. . Those have boen
folded so as to form n synchinal trongh which also prosmnahiy
involyes the underlying lavas.  Obsersations on sheike and dip

at the sonth end of Podt Diseavery Bav adicats that the e
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of the synelnnl teouph s not far to the southwests 18 prosaine
abily extends casterly into Kitsap County but this cannot be
“proved on sceount of the fuek of suefaee exposures. Phe anti
eling referrad do nmy oxiond westerly paot dhe south end of

Sequim Bav,
o PORT CHRESCENT ARBEA

BEOBRARHIC DISTIIRITION

The type oecureonee of the Foeone bn bhls ween s adong the
eliffs an the wiewite of Cresvint Bay and Observatory Poiit o
Phe wonbh s of dheosteawit of Shisi e Foess Phe vogdon Toy
some distance south of the shore s hoavily covered with deposits
of glacial deifl but Judaing Fron sueh ouberops of Bocene rocks
asave neatbable they probably oceupy the enbive nrea sonthward
From the shinre Hne to the eastowest eentor e of Township 80,
Hanges 7 and 8 West. The westorn it of dhese ontorops has
heen designated upon the geslogenl map as extonding from
Section 16, Township 30 North, Hange 8 West in a northe
wosterly direction to a pomt on the shore line on the Steagt
ahout two miles west of Port Creseent. This contact has been
approstmately deawn. To the south, the Bovene rocks extend
inta the northorn ridges of the Olvmpic Monntuins.  To the
cist they may he seon outeropping in the canyon of Elwha
Hiver and presumably they anderhie the glueiol deitt shill farther
east s far ns Pungencss River,

The sutvrops e conspienns as bBold engpod wn-cliffs
prngring Fean ten to over one huadead foot o slovabion awd exe
tending along the Strait from a point twoe miles west of Port
Crescent bo o paint one mile cnk of Observatory Paint in Prode
wader Bay,  Plate X1

Lmediately south from the shore hne the entive region is
so bhickly covered with drift that all of the bed rock formations
are deeply buried.  The first reappenr in the cuts along the
cotnty road in Section 16, Township 30 North, Range 8 West
on the north side of Lake Sutherbwd.  Imnwediately west of this
puint strata composed of sundstones and shales outerop which

overlic the Foeone and see believed to be of Oligocene age. tn

ity
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the south of the valley formed by Lake Sutherland and Lake

Criscent the Focene roeks extend into the foothills of the Olvim-

pics,  About six omiles enst of Lake Sutherland they are well

exposed in the canvon of Elwha River.  From that point east

ward eareful examination las not been made to determine ther

extent.  Abont four wiles south from Port Angeles they may be

seen in Frazier Creek wheve they vest bencath the Oligocene

sandstones and shales

LEPHIH AN

X

.3

1
i

he rocks entering into the Eocene formations in the Port.

Crescent aven ave composed for the most part of basie igneous

lovas of o hasatbie charaeter: - Sundstones and shales arve oe=

casionally interbedded.  The basaltic rocks vary i character,

vanging from davk, fineormined, dense lnvas to vestenlar and

Fravmental mntecinl, DInomaoy places the vesieulay eavitios are
Ly

Alted with secondurey eadinting evvabuds of natvolite which oiten

abtan oo size of two inehes i diipeter.  In o onamber of e

stances the How lines ave well exhibited in the clils along the

shore,  Often these ave abruptly cat by small inteusive hodies of

basalt which have forced Heir way np from helow thvoush the

atready consobidated surface Hows giving the rock o much cons

forted appearaiice

Phe cinterhedded  sedimentary materinds . and water-worn

biffaeeons manteriads vary c*cmx?dm'nhly The tufaceous e

terinls onre somebinnes distinetly beddidd and show ovidenees o

srine deposition.  Toterbodded with these thepe nre often small

lenticular bands of saudsbone il shale, Rewihimes the tanlls

consist of 1 consolidated wass of heterogenvous ninderials rang-

g i size from that of & pea up to ieregubnr sized bloeks sov

oral feet iy dimmeter.  Many of the sandstones, shales, nud

strabified talhceons lavers continn aeeie anollisean Pomaine

Phese are quite pumerous along the shore chiffs about one-half

mile wnst of Tongue Point.

STRATIGRATITY
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Strait of Joan de Fuea sear the mouth of Whiskey Creck

From the mouth of this crecks Bowene rocks are exposed alowst

continuensly vasterly fo Froshwater Bav, The upper portion

of the Boeene seebion nx exposed botween the conbiel it Whiskey

Croek and o poimt two o niles st of Port Crescent consists ol

atbermnbing anarime sediments together with basadbie tulls and

flows all of which dip to the southwest.  These rest upon basaltic

Hows of an unkiown thickiess, TPhat portion of the Beocine for-

mindion in this reaion which can be measurad is approximately

H000 feet thick. The top of the section oceurs at Whiskey

Croek snd the base fs sibaabed bwooanles east of Port Ureseont.

O T Mot et
Chibeie e e s
Sanditons aml snel e et anteeade shae S
Blavh tmecgenimil om0 Cipeinivin S e
L0 Ere s Eedstonn sl shidarate Sih
Aadber g i . S
PR Shale it iy Bedie danddbons 0 G Ce
Bl oo e o S
Minidatong S T
Habal , L e i min
Haaabi o al mblere s thibeknoas . S SN

Baine il Seition

Pt bt
Al s

I the tulaceous shides just cust of Creseent Bay and
Ehe sandstone Bivers indorbodded with the talis ol the cust ond
af the ey are maeine Tejon Fosstle. The following Tauna bas
been eollockal:

Anomia subcostala Conead
Caridinm breweri Gubb
Meodinlus ornatus Gubh
Venerwardia planicostu Gabli
Calyptraen caxcentrica Gabh
Turvitelle weasane Conrad.

Fhe same Tauna ocours moa simddae tufaceous material on
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GROLOGTC STPRTOTERE.

Plie structure of this area may be regarvded as consisting of

the northeast Hih of a northwesterly pitehing svoeline,  To

bheowest of Port Creseent foracdistiee ol bwelve analos ao bewe

verse was run along the beach and eareful observations made on

the strike and dip at varions points.  These were tied in to the

braverse line. The axis of this syneline mterseets the shore e

near Twin Post Ofhiee,  Along the road from Port Crescent to

Lake Creseent at a point about two wmiles north of Fairview

Post Office outerops of sandstones and shales are well defined.

Observations made on the steike and dip in this vienuty indieate

the presence of the southeastern extension of this same synelinal

Axiss Near the center of the novth side of Lake Sutherland the

Facend basalte appears apparventle resting uneomformably hes

fow Oligecene sedipents. This point s assined fo be approxi-

mately the keel of the synelinal axis. The outerop of the hasaltic

cacks pnnnot be braced on Hhe sovfaee northward b the vonst

tie.  Phie saune contaet, howover, doos vecur on the vonstibine

abnut two miles west of Pork Croseent and the averlving Oligo-

pepi sediments possess nonorthwest strike andd sontliwest dip

The mterbedded Bocene sandstones and shales have an average

strike of North 700 West and an avernee dip of 30 to the south.

wost toward the axis of the syneline. This condition holds true

as fur east as Proshwater Bay., AL one or bwo places in Urescend

Bay, as may be seen upon the map, there are exceplions, but

Fhese anay be explned as doe 1o loeal faultinge und dipping,

A svaelinal trough tronds southeasterly From Freshwater

Bay suid ervosses Fragier or Tomwater Creek aboul thees milis

south of Port Angeles, "Phe axis of this syneline erosses Marse

Creok i Seetion 29, Pownship 30 Novth, Range 5 West,
In this portion of Washington duriug the Focene eruptions

of dgneons mlerialy were Baking phive abinost dontinounsly,

The region arvound L rescent Bay was an cmbavyment of the Bo-

cene sedoand basaltie love Bows were povred oud on to the sen

Hoor. AL intervals ashes were ejeetidand thise were alferwirdy

worked over by the waves and redeposited as talnecons shales,
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Sindar candibions appear o e Laken plaee s far novth as

Vaneouver Island,

Baldy HILLS Al

GEGORA UG DIsTRILET I

‘The Bald Hills constitule a prominent bapographie foature
of central Kitsap County. When viewed from a distance they

stand pemarked rontrast tothe provailing level boneh topogrn-

phy o common o the grenter porbion of the Pueel Sowul

Basin. . These Rills wre composed of Disie andesitioc Iivad bo-

cratlier with smedl anounts of shald wnd sandstone all of which

are of Foecne wge. Onbtovaps ol the Tormubion nee best exposed

in the swest centeal porbion of the connby to the soulh and west

af Branerton v Powaships 28 and 24 North, Ranpes 1 oand 2

West. Acecssible expesures niae be geen along the shores of
Sinehor Tulet fnoaedintoly sonthisedt ol Biclwrcton

L the wlacid drilt which covers the preater porbion of He
county wore romoved prosumably the surface exposures of the
embive southiern hadf of the conuty would be composedd of Bocen
andesites and sehiments. The lavas of the Bald Hills sould
direetly. connect wilh the same rocks of the Black Hil of
Thurston and Mason counties as well as those of vastory dofter

4 (‘mmf_y.
CHLAE A T e e

The surtaer exposures of the novthern half of Kitsap Conn
by oave enbively of ohaeial ovindn. The avernge elevation of the
surfave of His portion of the connty s 500 fiot abiove sen level,
The monadnock-like videes forming the Bald Hills have an oo
vackion of LOBO feel. - They dorm the dratnage divide between
Hood Canulon the west and Admirally Inlet on bthe enst. Bure
rounding the Hills on all sides ave vory thiek deposits of glicial
deift,. Phey are mueh thicker on bhe west than on Hhe ciet
The Foeene formations pass beneath the deift and presumably
form o part of the Hoor of Hood Cannd and conpect with the
favas nenr the msuth of Dosewallips River. Beewnse of the
henvy overhurden of glucial deposits along the western slopes
ot the Bald Hills 1o surfaee onterops of the BEovcene formutons
ocenr along the eastern shore of Hood Canal in Kitsap County,
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Bald Mountain ridge possesses n general trend of North

457 East, approximately parallel to Hood CUanal.  No ex-

posures of husalt occur north of Bremerton. In Dyes Inlet

whieh extends cast from Bremerton to Silverdale, outerops of

the overlying Oligocene strata may be seen outeropping in the

cliffs along the water’s edge. To the north of this inlet no

strata older than the Pleistocene glacial deposits are known

to exist either in the cliffs along the shore line or inland.

On the eastern side of Bald Mountain ridge outerops of

hasalt may be scen in places even as far as Sinclai’s Inlet

where the glacial dvift has been vemoved by erosion. On the

shoves of this anlel, abont bwo miles southwest of Browerton wi

Sechions 28 and 38, Township 24 North: Range 1 East exeel

lent exposures of the basalt way be seen. It outerops along

the shore for o distance of over one nitle. Ab the north and of

the exposure, b anpears onlyon Tew Feet above sen level and s

ovierlain with glacial gravels and sumd. The contaet surfaes

hetween the basalt and the glacial deposits exhibits fine exs

amples of glacial grooving and seouring.  Further to the

sonthwest along the shore and near the head of the mlet 4 large

aptarry has been opened in the basaltie ¢liff.  Here fow stractare

and bhe vesicular charaeter of the basalt may be studied.

Southenst of Sinelair Inlet no outerops of basalt have heen

noted at any point within Kitsap County.  The only rocks ob-

served are the various phases of glacial dreift.  To the south-

west of Brepierton, towards ChFton aod Trone there on o D

whikto the only cxposures ohscevad dre of glacial orighn, Bassiltic

bavas umdoubledly exist dn this region below sean lovel but are

so ddeeply burvied with glacial deposits that no exposures ot

erop at Hie surface.

LITIHIGLOGY .

Nearly ull of the Focene formabtions oeeurring within the

Bald Hills aven aee composed of basaltic and andesitic Tavas,

Diderbedded with these a0 few plnm-s are narrow bads of

sandstane, . The prevailing lithologic character of the rock is
of the typieal black, fine but ~grrined t. Associated

DNR-00005123



e

33

The Tertrary Formations of Western Washington 1

with nis e punerons I:i}'(!]’h h-{l'»’;llg wovestedlar slenebure

Phe stenm holes pange nosive Trom the head of & pin to over

one meloan dimeter. Conononly theso ave filled with secomlurs

wiernds sueh oms natrolite T nombier of places and epes

crtby i Beelion A0 Townsing 28 Novtle Ruange 1 Bt these

smvedniods ol - aalrolibe are very conspionons o Phey s

commonty velerred 4o by the people bving inothal viomiby

ns Fossil shells, o the exposures along Sineluie  Inlef,

southwest of  Brenioton,. both the flaeoenined  lense s

ehv ssowetlas the vestenbor e Doseen a the el I thase

venlitios nowr the wpuarry wheve the fredhior woek bs continue

grsty beidg exposed, these tepes iy be studiad to advt

nge.  Here mueh jointing and Fraeturing has oecnrred and

wlopg these Jowl and fracturve planes secondary allerabion s

it evidenee. The faces of the joint planes nre commonly cov-

sl with w conting of rod ivon oxidic Io dhe Bald Mountain

ridge ointing is very pramiment, giving rise to colomnar stroet-

nre. Phese eolumms are roughly hexagonad i shape and stand

uenrly verbal heing at vighl aneles bo the lava flows. Inber-

bedded with the Basalts are oceasional bands of fragmental ma-

wrial composeld of roueh anenlar blocks of basalt tnbedded in

Broer tullaceous materindss These are nob however, charactor

istie of the Focene fgneous materinls of Kitsap County.  Sueh

sedimentary vocke ae oceur nberbedded with the Foceno Tuvas

are nal very prominent, 'I'hf‘:y Have beon ohsorved anly noaovers

Few plucese Dn the north side of Bakd Hill vidge about theee

miles southwest of Chico in Seetion 12, Township 24 North,

Rungee b Wesl, sumdstones say booseen tea simall eviek,

At Hhis point they are cut by diabnse dikes which wers
wohahly the feeders for some of the basaltic lnvers lving above

his particalar sandstone steatume.  No Fossils were seon in this

sanddstone but o so mueh s 1w imborboddad with the baaalh
i it to b

s also o
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GEROLDGIE STHRUCTURE.

No very important details coneerning the structure of the

Focioae formations in Kitsap County can he determined,  In

the southern part of the county the lnva flows appear to lie

nearly horizontal or perhaps in gentle undulations.  Extending

m andirection a few degrees north of west from the entranee to

Bremerton Iulet westward to Uhico, there is evidence of 4 wells

defined monochne or possibly the north limb of an anticlme.

This evidence is obtained from observations taken on the strike

and dip of the Oligocene sandstones and shales at Restoration

Point, Orchard Point and along the shores of Dyes Inlet. At

feast 9000 feet of Oligocene strata are exposed and assume a

presistent average strike of North 857 West with a dip ranpging

from b5 to 85 to the northenst. - The basal beds which stenti-

graphically He nearest to the Bocene basalts and which pre

suninbly vest unconformably upon the basalts ave dipping new

%

Iy wertieal.  The actual eonibaet bebweon the everlving Mioveone

sediments and the underlying Focene basalts is everywhere cove

ered over with glrcial deift, - It seems probable thal just south

of thiv contact the basaltic lavers have been folded downwards

i amecordance with the overlving Oligocene formabions. - Ioas

possible, although there s no divect evidence to support such a

view, thal o vearly verbieal tault plane mav exist parallel with

the eontaet. - Between Guileene and Discovery Bay in the enst-

e part of Jelferson County n syuieline has been referved to

whieh extends southeasterly dn o peneeal diveetion of South 457

Fast. The centeal part of this syneline is composed of Oligo-

ecene sandstones and shaless On the northesst and southwest

Hanks nnd lving beneath the sediments are Foeene hasalts.

Phe south limb appears to be a eontmuation of the Bald Hill

basults although its arcal continuity is interrupted by the

glueinl] deposits along Hood Canal. . The basalts on the north

side of this «yncline outevop at Hood Head and near Port Lud-

law. 1f these (')ﬂtﬁ‘!'ﬂ}‘!ﬂ wore extonded Sﬁlltht‘llﬁfel‘h{ ﬂl("}" Wﬂi}}d

Iy w8 e wl of Kitsap (  Port
+ to Kingston, of the yery

ing of
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chiedal il an Hhas vesiong Howeser, ta preplaeial vocks bhave
Been seen T8 0 Bo be prosuned that they do anderlie His
portion ol the vounty, thouph perlinps bolow seaclovel and o
e pepresent fhe veappenvancs on fhe north b of the svneline
of the same basaltic davers outerapping m the Bald Falls and
forming the south bob of the svocline. The axis of such a
syneline would extond theaneh TPownship 26 Noeth, Raupe |
Sasty southeasterly theongh the north purl of Banbodae
Island and thence across Puget Bound anto the porlh part of
Senkble
BLACK HILLS AREA
BEOGRAPHIC DINTRIBE IO

The Bilack Hills see situated dn the surthwestorn povtion
ul Phusston Connte aund exbend into e exbrome saitomn pat
of Gravs Flachor Countys . They nvolve a laree part of Town-
ships 16, 17, and 18 Honoes 8 and & West, Fhey fon a
group of hlls attaming an clevation of over 1500 feet. Phey
are eomposed almost entively of basalbic livas which are Hanked
on all sides by diposits of slucial deift

T the north of the Black Hills, in Mason County. the sur
fuee foemabions arve bargely of glvemd arigin, bt here and theee
Projecting throneh the deilt s ronnded knobis of basalt oe
hibiting glacial scouring. 1L seenns hest o dnehisie these with
the Bhack TH dor discussion. The nodth s swonld then ixo
bl s Fae ns Hoadsport on Hood Canal,  Fhe western imits
world extond From Hoodsport southaesterly 1o Matlook and
Hienoe to MoCloary o mection L Pownship 18 Neorth, Rano
G Waesl From Melbary the conbiel bobwien  the Boacon
formntion apd the Dlsocene can be fatelv ddebimmined from on
posures in the creeks.  IE extonds to Seetion 1, Township 13
Novtl, Banpe 5 Wesl, whiore of miy B s i he Banke of
Porter Creeek,  From Porter Creek it passes Hirough Sections
19,0 1 25, 98, and 85 of Hie same township and wange and
thenee due sontheast to a point voe mle wost ol Oukville whore
it may be seen in oa Northern Pacitic Railway eut. From Onk-
vitle the vastern hinbs of the hasaltic aven follow the Bine of
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the railway past Gate to Little Rock. It then crosses the glacial

outwash prairie of Thurston County to a point north of Plumb

Station on the Port Townsend and Southern Railway. The ba-

wults pecarrine ot Tomwater Falls south of Olviopia are in-

eluded within this area. The novtheastern Boabs of the ares

cannot be definitely  determined hecanse of Lhe heavy over-

hurden of glacial drift

CHARMTER OF 0UTCROPS

Within the Black Hills the basaltie masses outerop as high

vounded hills which form the divide between those streams flow-

ing northeasterly to Puget Sound and those flowing southwest-

erly into Chehalis River and thence divect to the Ocean.  This

divide varies in elevation. Between Little Rock and Gate along
Black River it rises abraptly from an elevation of about 200
feet to an elevation of 800 feet, Tt extends due novth as a ridge
between Bordeaux Creek and Cedar Creek into the corner where
Townships 17 and 18, Ranges 8 and 4, meet.  In these hills the
small ereeks head and flow outwards through steep eanyons.
Extending up Bordeaux Creek through the lumbering town of
Bordeaux there is a logging railroad, along whose grade many
rock cuts have been made.  In these the contact between the

overlying elacial drift and the surface of the basalt may be

seert.  "These surfaces nlways show the effect of glacial seouring

i the form of grooves and polishing. On the higher slopes of
the hills west of Delphi Post Office the vegetation is very heavy.
but suflicient exposures exist to indicate that thev are com-

1

posed exclusively of Eocene basalt. In the smaller valleys lead

ing out from these hills the soil is always of a typieal reddish

color due to the oxidation of the iron hearing minerals in the

basalt below,
Extending from Little Rock to Gate on the west side of

the Northern Pacific railway the basaltic rock forms a very

steep cacnrpment in contrast to the Iw@l glacm] otitwash prmm
*mmmmww m tiw mmﬂ; ast, G : ‘
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prosimtely parallel to the Northern Pacific raibeay and s
theee or four miles to the northeast of §L

About fifteen miles novthwest of Gate the general elevation
of the Black Hills gradually becomes much lower and in the

viemity of Matlock thev form a low divide liebween the Puget

Somd basin and Geavs Harbor, . From Matloek the clevation

uf this divide gradoally inereases and soon merges mto a hgh

rigged spur of the Olvinpie Mountains, which passes up the

south side of the seuth fork of Bkokemish Rivers The elevation
of the gap ot Matlock is J00 feel. - This broad gap bying be
tween the Olviapies and the Bluek Bhills is thickly veneerad with
wlacial deift, but at nunerous points projecting through it are

sutorops of basalt abwavs more or fess vouded and scoured,

The miore tmportant outerops wre Joeated bebween the vailroad

extending from Shellon to Clogquallam and bhe braveh sxtending

from Kamilehic to MeClenry, - These outerops are never over
five or six acres in extent.  The sarrounding soil s gencrally
of adeep ved eolor.  Muany of the pebbles in the placial gravels
survounding them nve composed of the same materinl These
kuebs nre often at an elevation of twenbvive feet above the
surrounding placial deift. . Numerous outerops of these bae
salbio sveas ey be seen wlone the obl logmine vailvay brick
and also alone the county roud extending from Shelion o Mo
Clinry,

1 the elhacinl deift of the Blaek Bl amd the aren northe
suireh bo Hoodsport were completely romoved it s vory probable
that the bhasalt would conbinue northward and diveetly conniet
with that vecurviie fram Hoodsport vorthward to Quileene aud
adso with that in the Bald Mountatn arven of Kitsap County.

I Pumwater Canvon just south of Olympia the Des Chutes
River has cut ibs eanven dowy throneh the deitft and inko the
Basalbic veek.  This basalt, shile not seeadly comnected with
that in the Black Hills to the west, is a coutinuation of i, the
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River, as well as along the divide between the head waters of

the Ples Chutes and Skookumehuek sivers. These sustern ba-

saltie areas are probably in reality the eastward extension of

those i the Black Hills. The two areas are separated by the

glacial outwash prairies south of Olympia.

§ o ¥

T'o the northeast of the Black Hills among the inlets at the

head of Puget Sound no basaltic formations outerop at the

surface. The only surface formations are glacial drift. Focene

basultic masses may underlic Hartstine Island, MeNeil Island.

Carr Inlet and Tacoma, but there is no means of obtaining in-

formation concerning their character or structure.  No deep

well borings arve available to determine how far below sea-level

Hhw upper sorface of the busall oxists,

LUTII ey,

Phe Eoetne Tormabions within the Black Hills avi ave Tor

Hie wiost part composed of dgneous materinl. Oeensionally in-

#

terhodded sandstones and shales containing carbonaceous seams

ocetr, - The dwneous materinly consist of dense fine grained

hlnek basult togethor with busaltic tufls and vesicalar lavers,

many of which are Alled with amvedules of secondary natrolite.

I places basaltie soaterial of dinbagie straeture may be seen
in the forni of dikes eutting through the Dasalbic overs illustrat-

ing the miethods by whieh the molben lavas veached the surface.

These amyvasdidoidal phases of the basalt outerop just nerth

af the county rond at Delphis aboul seven miles southwest of

Olympin.  In the Black Hills proper and in the hills surronnd-
mg Bovdeaus the basalt is of the fine grained, black, dense

varicty, ringing when struek with a haumer and breaking with

a eonchoidal fracture.  In the exposures between Little Rock

and Gate along the Northern Pacific Railway the hasalt s

often conrse grained and vesienlar,  In places in the vidge be

fween Bobdeaus and Gate, pyroelastic materials ave mterhedded
with basaltic flows. Thiese, howover, are not a very conspicu-

ous fonture an the t ho ‘ﬁ‘l‘mkuH&xﬁ,i‘llm

% of
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dn the novthern paek of Hie aren, in the vieinity of Now Kamil-
ehiie, Eloguallam and thence northward to Shelbon, the small
knobs of hasalt which outerop are nearly alwuys very dine
copined and dense appearanee, and tsuadly el weathered
and alteeed.  Extending into the roek soveral inches from the
jeint plains are masses of salt ved materinl, largels composed
al ivon oxide, The vock itsddf & osuadle, cven an the resher
porbions, more o b alborsd

About 1000 Fect west af Gate Cily i one of e small eroek
canvons lending up inta the Blaek Flls ave oxposures ol sand-

stone el shale, containimg low goade conl seams. The sl

stopes dve coarse orained, amd bave s vellawish brown eolor,
They eompuonly show cross bedding and aee presunnbiy of
estuarine ongin, PThe shales e thinly hedded, of a brown
color not very haed,  In places there are bads of slightly oue
bonaceons shales interbedded with the sandstonss. Iy Soetion
26, Township 16 North, Ranpe 8 Wask, a0 somm of dmpirre coul
ouberaps dn the baoks of o sumdl ereek whieh at this point has
catved by ennvor down through the suidstone leaving the fanee
ous puek on eibher side. . Phe sellnentary voeks are distinetiy

Pbevhedded @ith basalte
GHOLOGH  sTRbarine,

Because of the alsonee of inberbedded sedimentary rocks or
shratified toffaceous materinds it is very diffiendt to determine the
striucture over the lovoer part of the Blaok Ul neen. o the
northern part of this disteict the busaltic outerops form only
isolated Knobs, the dotervening country boing heavile coverud
over with elacial deift, thus vendering F hapossible to actually
cofinect sy supoeshed sbrachure brom one oulerop o another,
At the loeality just wost of Gate City where observations on the
strike and dip of nterbedded sundstones hase been taken, the
hasalts adong with the sedimentarics appear to be folded nto o
northwestsouthenst divection. It is possible that the Black
Hhlls, swhich teend northwost bo southeast, may represent an
antichinad fold or warp, or possibly @ series of closely folded
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anticlines and synclines.  Although there is no conclusive evi-

donee on this peint, the former is the more probable.

Along the western contact of the basalt in the Black Hills

area, sandstones and shales of Oligocene age are re ting uncon-

formably upon the former. The sediments have o strike ap-

proximately parallel to the contact. This is nearly north and

south with a low dip to the west ranging from 9 to 11 degrees,

These Oligocene sandstones and shales constitute the east limb

of the syncline whose axis trends nearly parallel to Chehalis

River between Oakville and Elma.  The basalt Iying along the

western margin of the Black Hills must form a part of this

eastern synelinal limb.  To the northeast of Olympia such

structural relabions as may exist among the basaltic flows are

entirely obseured by the very heavy overburden of glacial drift.

The lava fermations are below sea-levél o the southwest of

the higch ridee exposed hebweon Little Rock and Gate the sreater

part of the eountry is involved in glacial sutwash prateies. In

places along raibroad, stroam, or wagon rond euts the older
hed-roek Eocene formations are exposed.  The Bocene forma-

tions here contain a lavger amount of sedimentary makerial in

which Tgneons Hows are interbedded,

BELK CREERK AND CHEHALIS RIVER AHEA

GEOGRAPHIC LABTRINDTION.

Phix sren s situated in the southwestern corner of Lowis

3

County in Townships 18 and 14 North, Range 6 West. It em

braces the drainage aven of the sonth hraneh of Chehulis Hiver

and 1K Creek. . The belt is braversed by the Willapa Huor

branch of the Northern Pacific Railvny.  The areal boundary

hines of the formation have in certuin plaees been definitely estah-
lished., In many other localities beenuse of insuflicient outerops

the contact has been only approximately deawn.  The bedirock
formations of the entire drainage area of Elk Creck are almost

entively composed of basaltie rock.  Beginning st a point one

of Plu on the railway in Se 3, Ty p 12

NIRRT

DNR-00005131



The Tertiary Formations of Western Washington 143

high vidge which forms the divide between Elk Creek on the
vast and Ml Creok, Wilson Ceeek and the hewd waters of North
Ricer un the west. At the hewd of Martin Ureek, ane of the
tributavies to- North Hivero the contacl swings northensterly,

erosses the Lewis Chehabs Connty Boe in the southeast quarter

of Sevtion 7, Township 15 North, Ruaee 5 Wet and appoars
in the railway cut of the Grays Havbor branch of the O-W. R

R & N. Co in Section 5 of the same township and range. 1t
passes thence into the Black Hills avea already described. The
south boundary of the aren may be arbitvanty chosen as the
Lowis-Cowlity County Hoeo Phe avend outevops of this forma-
Flon extend mueh farther south, bt For purposes of deseriplion
they will be considered in connection with the Columbia River
aren, The eastern contact of this helb is very indefinite. Along
the south branch of Chehalis River and from Pe EI southward,
basaltic vock outerops. These exposures nre conspicuous in the
high videe bomedintely east of the river. On the castorn side of
this ridee io the valley of the hendwaters of the main branch of
Chehalis River the bedrock formations disappear from view.
The entive country is caverad with very thiek depasits of non-
consobidaterd sunds and cluvs. The last bederoek oulerops to ap
pear are basalts.  In the intervening aren between the valley of

the main beanch of Chebndis River from Ceres to Wildwood on
the west and the madn line of the Northern Pacifie on the east,
oeeasional outerops of bhedevack formations muy be secn in the
siall canyons.  These outerops are partly of Focene sedi-
mentary origin and partly of Oligocene and will be deseribed in
the Cowlite Hiver area. It seoms best o construet the castern
arenl contact of the EIk Creek-Chehalis area on the eastern side
of the valley of the main Chelinlis River from Wildwood north-
ward to Hoistfort and from thenee to a point on the Willapa
Harbor hranch of the Northern Pacifie two miles west of Adna,

From Adna the contact extends northwesterly along the divide
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fuet extends about North 10 West past the head waters of

Lincoln and Independence creeks wnd on the north side of the

Jatter in Seetion 26, Township 15 North, Range 5 West, swings

novthensterly and appears in the railway cut of the Oregon-
Washington Ratlway and Navigation Co., in Seetion 10, Town-
ship 15 North, Range 4 West. It then passes under the allusium

of Chehalis River Yalley and conneets with the Basulbic aren at

Giite 1 Hhe Bliek Hills wren

CHABACTER O OUTCRUDS

That part of the area under consideration south of the Willa-

pa Harbor branch of the Northern Pacifie Ruilway is mountain-

ous in charncter and very inaceessible. It s densely timbered
and logeing has not been adtempted oo ane lge seades. Along
Hie sonth braneh of the Chebalis River due south from Pe Bl
rock ottterops are abundant.  They are almost entively coni
posed of hasall, - Oleensional bands of sandy shale are nter-
bedded,  In Section 10, Township 11 North, Ranegr 5 West,
quatrby veins oeenr i the basalt Phese are said to earre low
values i old and have been mined on oo very sall senle

Along the line of the Willapn Harbor branch of the Nop-
thern Pacitic Hailway i bhe canvons of Chebinbis River, out-
praps af basall are very communt. Along the divide i the
vicinity of Pluvius, Hoek Creek and MeCormick, the river has
eub its chunne] fnto hederoeks Bhe surface oxposires however,

are more comumonly compesal of thiek deposits ol Pleistocene

avsand suieds. AL vadious inteivals from Pe Ll to Doty and

from Doty to Meskill, basalt with seeasionn] interbodded bivers

af saadstone and shale ave vory consplennns,

A braverse Hue was v from Doty westerly gt Taad

wators of Bk Crook. . Phe suvbaee voeks o this desdnnge basin
are for the west part composed of gravels, sands, and elays,
Through these, Blk Creek has carved s course and exposed

along iks bed outerops of basalle Dhose are oxposed i plaess
nlong the erek for a dis s of six miles west of Doty.  From
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headwaters of North River in the north hall of Township 14
Novth, wed the southeast quarter of Township 15 North, Range
6 West, basadtic outerops make their appearnnee,

DIVIDE BEPWEEN COLUMBIA AXD WILLAPA RIVERS ARBA
GEOGRAPHIC TMSTRIRDTION

The Bovone fornmbions securring within s aren invole s
belt approximately twelve miles in width and thiety milis in
length,  The bell extends dingonully from Willapa Harhor
aevoss Pacific County southensterly to the point where Lowis,
Cowlite, Walkinkonm and Paoilie counties meet. He novthenste
erneeonbact with the Uligocene sedimentarios crosses Novth Hiver
i mection 31 Pownstop 16 Northy Hanpe D Wit b continues
sonbhensterly through oo countey shere pock outorops are vory
sesrie and comsequently the bne g deawn apon the maps o only
approximate Hebween the lowns of Ravmond and South Beod
its postbion is more definite. A quarery lins been opened in the
Fovene basalts one sud one hall mubs novtheast of South Bewd
i Section 88, Powrship 14 Noetl, Hanee 9 Week, sod one bl
tile ot of this locality Oligocone sandstones and shades Form
prominent outerops. From South Bend the cantact trends nhont
South ME East aoul erosses Trap Creek bwo miles south of Hol
comib Station in Seetion 11, Township 12 Noeth, Range 8 West,
It continues more nenely east along the westopast conter line of
Township 12 North, Havge 7 West and then tuens north cross
e the veilway about one e west of Pluvios stabion,

The southwestorn conbact of s belt is near the novth end of
Shoshenter Bay,  From this point il trends wearly South 40
Bast, 1 pusses through Seelions 26, 27 and 28, Tosuship 11
North, Haoge U Weet, soul neardy due sast nevass the copbor
of Township 11 North, Range 8 West, and finally enters Wale
Kinkwn County. 1t can be observed on the left fork of Gravs
River and wear the head of Fossil Creck,

I seetion 11, Township 10 North, Range 7 West, a small
bonarne shaped spur brends southwesierle for o distanve of five
niiles,  This varrow band 18 ahoud one wed snehalf wmiles i
width.  In the south part of Seetion 18, same township and
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ranpe, the contact extends nearly due cast theough the center
of the township inst eastoand erosses the Bead wabers of the
several branches of Skamokawa River.. I crosses the left and

vight Branches of Mockaman Biver in Sections 21 and 28, Town:
ship 10 Novth, Runee § West, sond extends nto Cawlity County,

CHARMTER OF 0L T0ROGRS

This broad belt of the Bocene formation, whose arcal Hunts
have just beon defined, oceupies the divide hetween the deainage
Howing northerly to the Willapa River basin aud that Howing
southerly to the Nasel and Columbin River basins.  This divide
Fanges i devabtion Tram two hoodead Bo ffteen hundred feet
above senclovel. Tt 8 very henvily tibered wind I places at the
headwitters of the several ereeks there are steep vsearpments,
Disimtegration of the rock formations has produced a very thick
covering of soil whoeh, togethior with the aceumulations of veg
ebable material, render rock exposures ditieult to find.  In addi-
tion to these deposits produced by weatherine there are formn.
tions of shive and sady elavs, togother with eravels sopiewlind
bodded amd very loosely cousolidated.  These vary in thickpess,
snging fromoa fow feet bo over 10U feet. No fossile ave foumd in
these and they undoubtedly represent rviver deposits formerly
lnid down over this vegion when i possessul o mnel lower dlova-
ion than it has today.

Ax this divide geadually appronches Shondwater Bav and
Wiillupee Hlavhir the Boeene formations becone thiekly covered
with Phoeene or Plesstoeene sandse gravels and elayvss Along
the shove at Bav Ceaber the mouth of Nemnh River, and ut
Bruceport, the voung horizontally bedded sediments are well
developed mud only in 8 few places baek from the shore do the
hed-rock fornmations outerop.

Gxposures of Foeene basalt may be seen in the vity of South
e of
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From South Bend a wagon road extends almost due south

for a distance of five mules ad then eontinues as a trail on to

Nemah River.  For the first three or four miles south of the

city limits, the country is comparatively flat und about two

hundred feet nbove sen level,  Numerous small erecks have cut

their eanyons into this flat surfaced country and where the trail

passes along the walls of these small valleys exposures of hed-

rock may be seen. In every ease these are of basalt, At the

point where the trail crosses the north fork of Nemah River

otiterops of sandy shale may be seen in its bed and along its

hanks, The material is massive in character and no strike and

dip could be obtained. These are believed to be interbedded with

the basalts.  From Nenah postoffice o rosd extends up the

nidile fork of Nemah Baver for o disbines of Bve amhes o AL

several points along the rviver the same sandy shale outerops,

In the northwest eorner of Seetion 30, Township 12 Noith,

Hange 9 West the road erpsses from thie south fo the novth sule
of the mivers - In the voad eut about 300 fect south From the

widpe, cxposiees of sandy shales wd shaly sandstones e

N

will developed. Obsorvations on the steike and dip were taken

at this point and vielded the following data: Strike North 20°
West. dip 807 to the southwest.  Thenee the read continues on

for some distance and then becomes a trail which has be

GHIE prawn Bver Sioas o be no gy usable.  Obseevabions

were maule on the charaeter of the rock up to e head of the

viver el suich exposures as could be seen were of sandy dhale

Fron South Bend a road extends southwestorly to the Palix

River.  The greater purt of Ehis distanes s covered with Lute
o 3

Pleistocene sands and shales  In several places, howevers the

hedrock, cousisting of basalt, ix exposed.

In the high ridge extending from Nemah Harbor southeast-

erly amd lying hetween South Nemah and Nasel eivers there

are exposures of basalt. These are usually heavily envered

with sands and elays. The nnjoridte of the exposiures ocears
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West, busaltic outerops are well developed, and interbedded

with these ave sandstones. In Secbion @0 Pownship 11 Narth,

Range 8 Wit the contact betweon the basalls and ovarlyme
sundstones and shades crosses. Nasel River.. Pron this pomt

northward the viver Hflows through o porge with sleep rocky

stopes. A sevond poree is well developed from the Junction of

the norkh fork of Nasel River and the i streann, . This eone

tiates sastorby g bibtle over one mile to the point where Mder
Creck enters Nusel Rivers  Aboub 500 foet up Alder Ureck north

from ifs junction with the main Nasel River, voleame tulls, oo

wother with shalos, are nterbadded with voleanie lavas. They

hawe Been mueh disturbed by faulbing and contam marine Jos

sile. A traverse line was orun to the head waters of Alder

Creck over the main divide and thenee down to Prap Creck,

Mong the Alder Uriek portion of the traverse such oxposures

of bedraek ss were wen wore composed entively of basalts, All
the boulders and stronm. pebbles were of the some mntorind
Along the wain divide the hedrocks are hoavily coverad with
sands and elavs and o dense gronth of forest.  Tn plaess baulds

ers and blosks of haeds massive, brown, conrse prained samde
st wipe oecasinnndly scens THhey scent b be portions of e

Beddid Buyvers of sedimentary vaeks between the bhasaltie flows,
O e noeth side of the divide i the vallon of Teap Crook
viry fow bposures of hodvoek oecurs The baaliders o e

stremms are ahost entively composed of basalt. The bill slopes

arve hicklv covered with vedddual soll in addition to the PMhoste-

cene sands and clavs, Swall anterops of huwsalt were seen on
the north side of Frap Creek about theee miles south of Willupa
Hiver. In Sechion 8 Township 12 Novth, Range 8 Wesl, at s
point where the on trail evessos Teap Creck, sidy shades onte
erop dn the bank of the viver. They bave aosteihe of Noeth 20
Fast and dip 807 to the noethwest.  Further observations were

faken on sandstones and shales i Sections 1 oand 12, same low
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ring i Section 3 is probably a sedimentary layer terbedded

within the busalts,

About one mile west of Holeomb basalts form prominent

outerops along the Northern Pacific Railway grade and con-

tinue over the Willapa-Chehalis divide to Pe EIL. Waest of the

contact rock exposures are not well developed, hut such as do

oceur are a part of the overlving Oligocene formation,

A traverse line was run from the Northern Pacifiec Railway

at Raymond southward, up the south fork of Willapa River and

detailed observations made on the various outerops along the

traverse, In the north half of Section 6, Towuship 13 North,

Range 8 West, the basalt contact was found to cross the river,

to-extend southeasterly and ngain reeross it an the west half

af Section 8, the swwe township and range - On the portheast

sidde of the contact marine Fossiliforons sandstones and shales

of Oligacene ape were seen dipping at an angle of 35 to the

northenst. Within the basaltic aveas extending southwesterly

From the contact. numerons bands of sadstones and shale oe-

curinterhedded with the basaltic lavers.  No fossils could he

found within these.  Stratigraphically downwards from the

Hocene-Ohgoeene contaet the interbodded sedimentarios beeome

less numerous and mueh thinner, and albimately entively disap-

pear.  In every ease the apper linnt of the basalt has been

chosen as the contact between the Bocene and Oligocene forms:

tions,The mterbedded sandstones and shales are regarded as

belonging to the Eoeene. Fubure detailed studies may prove

that & part of the basalt bolongs to the Oligocene,

Ore the left Tork of Geavs Hiver, Oligacene sandstone and

shales were found to outerop as far as the boundary line between

Paeific and Wahkiakum eounties.  The basalbie contuet oconrs

approximately on the line between Seetion 5, Township 10 Nortlh,
Range T West, and Section 82, Township 11 North, Range 7

West, Near the contaet, lnvers of basalt mterbedded with sand-

stones and shales begin to outerop. In places layersoftuffaceous

nberl ified. oo nee of one-half e
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ed with the basalts,  Beyond that point basalt predominates.

About one-half mile novth of the Junchion of the left Tk of

Grays River und the main braoeh, on the former, the contact

may again be seen. South of this contact the lower Oligoeene

shales and sandstones are well developed in the river banks,

dipping southerly nway from the basalt.  Jusl novth of the

coibact sandstones nee nterhedded  with the basaltic bovers

At this powit, on the enst bank of the vivers o smadl dishase dike

euts the sedimentary vocks. Along the upper beanches of the
left fork of Grayvs River tuffaceous lavers are very conspien-

ously fnterbedded with the hasaltie Hows.  On the mam braneh

of Gravs River in Seetion 20, Township 11 North Hange 6

West, about two miles north of Blaney Ureek the tullaceous

and shaly lnyers outerop very prominently.  Marine fossils are

very common in the shales,  Phe shalos ave somewhiat baked

and nover exceed ovir 100 feet in thickness. The creck Hows

throngh a very navrow valley and b o poot nenr the junction

of Blaney CUreek Hows through o gorge of basalbic roeke The

headwaters of the several branches of Grays River Lie entively in

hasaltic arveas.  The fossiliferans shales above montioned are

lower Oligacene,

The contaet betwien the hasalts on the vast and the overlv:

ing fossiliferous sandstones on the west peeur iy Section 11,
Township 10 North, Range T West.  The basaltie hills trend
southwesterly and form the divide between Grays River on the

north and the west fork of Skamokawa Biver on the south

This divide ix about 500 feet in elevation and thickly covered

with Pliocense sands and eluvs, althoush buasalt eaterops in

places,

On the mam fork of Skamokawa River, basalts oceur in

the hillside throughout the north hadf of Township 10 North,
Hange 6 West, The ereck vallevs nrve commonly filled m owith
gravel and sand, bat the basalts outerap on the divides. The

1 of the contact could

crop

ukw‘“b‘ t has

v b
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On Wilson Creek, which enters the main hranch of Skamok-

awn Hiver i Seetion 20 Pownship 1 North, Range 6 Weshs ox-

stires of sediuentary formabions ocenr at various p(}?lﬁﬁ 1

to the basalt contact which lies in Section 24, Township 10

North, Range 6 West,  The sedimentary roeks consist of iso-
fated exposures along the river banks mntil the river valley

flattens out and no more outerops are seen.  From that point

northward the boulders in the ereek are composed entirely of

hasalt and such exposures in the hills us are ot covered with

Phiocene sands and elays are also composed of husaltic rock.

The contact has been drawn at this point as may be seen upon

the accompanying maps. To the cast of Wilson Creek in Town-

ship 10 North: Range 5 Wesdl, oulerops of busalt are common.
Pl eontaet between Fhis formabion and e anavine Miseen

¥

vock to the sonth erosses the Iofb Tork of Alockanim River in

¥

the south half of Seetion 22, Township 10 North, Range |

-

West.  Near the contact in the basalt some mining develop-

ment work hus been done apon small quartz veins said to carry

ow values im pold. This eontaet erosses the vight Tark of the
river about bwo miles due enst. Do the north on the headwators

af the Aloekaman River and oo the divide Teading over tha fead-

wadters of the sonth brapieh of Chiohndis River the voek farmabions

are ontively of hasalt, The divide has an elesabion of aver 1,500

feat and the several branches of bath vivers fow through deop

gorges vab into the basalt,

LIPH Ay

The Foeene formations along the divide hotween Willapa
s 1

River and the Columbia are conposed for the most part of bae

saltic Invas and tufls.  Inderbedded with these are shules, sandy

shdes, shaly sandstones, and sandstones. The basaliie Javas

appeny i varions phases, rneing fram tie fine-sramed,

dense blaek specinens bo the highly veseulay bvpes Mived

with these are frapmental lavers in which buge anealary blocks

eange in size from oa few inches to several Teet in diameter

These are fmbeddied in the finer graimed basalts winl all show

the effects of fHow action,  The sandstones are conpse-grained,
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ot gravish brows color amd furly bavde bub not widely b
trihuked.

ARG SR

The structure of the avea nnder consideration s very cone
plexs dnoats brond penerad features therve s an anbichne trend-
e approxmnatoly North 40 West feam Willupn Hurbor, bul
ity the vieiniby of the hendwaters of Grays Hiver o tas ald

extends noarly due sust along the divide bebween the hends

wikers of the Mockiman and Ehe south beaneh of Chebalis
Hiver:  Alanp Willipae River on the novthenst sude of the st

eline the averlving Miovene voeks arve dipping to the northeast
at angles ranging from 7 to 85 . On the south side of the
anticline on Sabmon and Noseh, Giray and Alockiunan rivers,

the avernge nogle 15 80 4o the southwest, bot ranees from 3
to B0 in varions pluces,

CATHLAMET GEHMANY CHEBEK AREA

BEGORATHIL DINERIRETION

The aren fuvelved in this distriet Hes on the novth side of
Colinnhia River in the southenstern part of Wahkinskion County
and southwestern Cowlity Countv. I snibraces the northwest
corner of Pownship 8 Norble Range 3 Woesto and the north
halves of Townships 8 North, Ranges b 5, and 6 West, the
west half of Towaship 8 North, Ruange 8 West, and the lower

two-thivds of Townships 9 North, Ranpes & 5, and 6§ West,
The south limits of the district are defined by Columbia River

andd the north Tmits by an cast-west belt of marime Qligocene

5

sedimentary rocks,  The north contact between the BEocene

basalts and the Oligocene sedimentaries begins about one mile
north of Skamokawa.  From this point it extends nearly due
vast for three miles and then tums southeasterly and crosses
Alockanan Hiver in the north hnll of Section 82, Township 9
North, Hange 5 West Flere of swings arvound oo the east sude
of Aockaman River, and in Section 10 swings hack neain to the
west side of the Fiver, and then reerosses tn Seetion @ of the same
township and range. 1 crosses From Wabikinkom into Cowlity
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Connkv and way be traced nevoss the head waters of Aber-

nathy and Germany crecks, In Section 18, Township 9 North,

Range 8 West the overlying Oligocenc sediments thin out and

disappear and the Basalls ave aveally connveted with those m

Fhie Conl Upeek and Avkinsas Creek arvens wiieh lie to the vast

and northeast

CHARACTER OF OUTLROPE

Almost the entive area of this district is composed of ba-

saltic roek. It is not alwavs exposed at the surface. however,

heeause of the extensive covering ot Pleistoeene sands and elavs,

The elavations range from a fow feet to 1500 feet above sea

fovel.  Phe area is disseeted by several streams headmg to the

north near the Cowlitz-Lewis County line aud flowing south-

ward into the Colwmnbia.  These streams have developod valleys

vierving from a fow hundred feet to over two miles in width,

In miost instances, however, the valley floors are coverad with

alluviom.  Here and there exposures of busall may be seen in

the sbremnm banks

Divtailed traverses were run along Alockaman, Skamokawa,

Cinervon, Abernathy, Germany and Mosquito evecks and From

ohservation taken anlong these traverse lmes the areal geologienl

dicka as shown on the mnps accompanying Hus veport, haye heen

Yo ¥
oo

Frow Ouk Pomt a logging railway owned by the Ouk Poind

Piling Company extends up Cameron Creek for a distancee ol

seven miles From s mouthe. For the fiest two miles outerops o

basalt are very nmnerons. The valley here is very tarvow with

stoep slapes o vither side conposed of basaltic ebiffs,

For the next theee miles the basalt exposures are not s

prominent but mav be seen wherever way grading lns boen at

tempted along the railway teacke  The basatts o the hitls bael

from the track are covered with clay. At a point five miles vy

the ereck a basalt oliff, having s elevation of 20 feek oveun

on the east side of the teack. At this pont on the surlae
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the west, Hhis appears to lie between two basaltic tlows, the

wpper one of which in this particalar plice has boen removed

by erosion.  The soil in the vieinity of the creek is of a reddish

color and is clearly derived from the underlving basalts. The

traverse was extended up the ereck two miles further and no

more nuterops of bsalt avere seen,  Sueh oxposires s oecur

i bhe hanks of the creekoor avomnd upturned troe tronks show

a light eoloved elay.  From the general appearance of the soil,

however, the underlying bedvoek is undoubledly basalt to the

honed waters of the creck.

From the mouth of Abernathy Oreck the Wiseonsin bogaing

and Linmber Company’s railvond oxtends up the stream for a

distance of nine miles to the forks of the creck m Seelion 6.
Township 9 North, Range 4+ West. A this point the main

Erack lewves the ereck and veers off fnoa northwesterly divee:

ton for oodistanes of three miles. . Fraguent exposures of b

sall vecnr over the enbire disbanes To the Forks of the ereck. In

i pimber of pluces there mre steep basaltic oliffs showing well

developed columnar gointing. - Feow the forks of the river

northwestorly . Wabkiakam Uemity no further exposures of

Basalt were seen. Mowever, there aee ninmcrons euts along the

track in which elays appear.  These arve 4 bright reddisheyellow,

white and crenm eolors Ao point about two und o hall wiles

s

wost of the river i Seetion 1, Township 9 Novth, Range 5

West, this elay is tnderlain with o bed of vellow sund, massive

in character and with no hedding plaing.  These may be a part

of the mterbedded Boeene sedimentary Formations, or possibly
of late Pliocene or Pleistocene origin. - I many pliees these are

direetly overlain by hasaltic flows,

At o point about svechialf mile westoof the forks of the eveck
alvendy veforved to the smne charcteristic elay oceurs, in

cluded in whieh are angular feagments of Heht pinkish eolored

rock which when closely examined is found to he a distinetly

alteved vesicular basalt.  In places these oluvs appear to by

tulacoois

An examination was made of the upper beanches of the

ercek to their headwaters, Ople one uttterap of basaltie rock
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wis seen in place.  However the pebbles and boulders in th

creek are composed of fine-grained black busalt which occasion

ally is vesieular.

A detailed traverse was made along Germany Creek fron

the point where it empties into Columbia River at the town o

Stella to its headwaters in the center of Township 10, Range

West. At a point about one-fourth mile northwest of Stell

along the wagon road on the east side of the creck the basalti

rock is well exposed.  Two distinet flows appear at this place

The upper is a bard dense black rock, the lower is soft, mud

decomposed and in places distinetly tuffaccous, often assuming

novedow to eredimish calor

FPhe county wapon rvond extends up Gevmany Ureck for 4

distanee of fonr miles. - Examinabions made along this road, ex

gept i the amediate vielity of Columbin River, vielded vop

Few outerops of bed rock,  Wherever exposures were soen, how

ever, they were ertively eomposed of basalt.  In those loeadibic

where bedrock was not observed the surface soils were vops

beavily ironsstained and the pebbles and fragments found i

W

them were composed of very badly weathered basalt.

Farther north in Bection 1o Township 89 Xorth, Range -

West ut n point swhere wosmall ereek comes in from the west

a massive brown sandstone outerops. No ohservations o

strike and dip could be obtained here. Further exanination

mde up the ereek near Bs hoadwatirs, indiente the bed vock b

be hasaltie in character

LTI Loy

The Foeene formations m the area just desesibed are alnos

entircly composed-of basaltic and andesitic lavase Sueh sedi

mentary rocks as oceur with them consist of very narrvow bhand

of shale or sandstone interealated botween the flows,  These an

eommonly more or less envbonneeous,  The basall as seen along

Columbin River present a sevios of hovizontal lavers vesting on

i

above the o he contaet surfaces hotween Ehose
are sligh fulating.  These lnyers vary

layer.
ly it

A

toand others dark, son
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hiving been extensively weathered and others appearing havd,
derise and frosh. Sone of these bands are dishinetly tallaceons,
athers nre sesicnlur and S8l others show welldefined Hose
stevetures - In siswrous plaees along the river olitfs there are
searmsoof ey bebween the andividuad lava tlows often over bwo
fect in thickness and in these thete aee sometimes very thin seans
of carbonacenis materinls, These Gete ndicate that the dffer

ent bads represent dividual lava Hows,  The elavs hying he
B the diffoeent Hows dadieate dhad o sonsiderable lonsth of

e intervened bebwien the outpouring of eachi successive flow
sufficient to allow extensive weathering of the rock prioe to the
oubpouring of the went vy sheel. The presence of sarbonas
ceos aateria] betworn these overs ndieabes the growth of
vegebation dosing the guiescent peviads.

RO BPRUOTT R

Very hithe detailed fnformation is ot hand concerning ta
structure of the Eocene formbions withen Hhis aren. Sueh data

as have beon oollected supgest that the formabions have nol
been preatly dieturbed sinee theie deposition,. They 1 neody
borizontal with very pentle undulations. These undabibions are
pot suffieientle prombaent to be veparded as minos syvochines and
antichines,  On the sorth side of the belt an castowest syvuelinal
troteh has been developed. In the center of it the Mueene
sedimentary voeks areabso folded. These latber b to thenorth
af the disteied aned will be comadered 10 the disensiion of 1L
Ciliprovone aroids.

Beeanse of the very ek yeneer of Pleistocene suds, elays
and pravels which overlie the bed vork Foesne formutions,
faulting is very difficult to detect.  Minor fault plains ranging
from a few inehes to two or three feel are common, bul are local
m charvacter. They have no prevailing divection.

TLWACG ARES
BEOGRAPHID DISTRIBO IO

Focene furmations outerop prommently in the high ragged
vocky point gt Hie vorth snbeanes o Cobmnlda River. Abant
Hirde sipiare niles of torrdory e nvalved
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The rocks outeropping in the pomt sonth of Hwaco attam

an elevation of 200 feot sbove sen level.  The west side of this

headland is divectly exposed to the waves of the Pacific Ocean,

Two points jut out into the ocean, namely North Head and

MeKenzie Head.  Even at the lowest tides it is impossible te

pass arvound these points but between them are coves witlh

broad gravelly beaches and back of these beaches the elevations

are comparatively low, forming shallow divides with the area op

the eastern side of the cape. The eastern shore is more or less

protected from the action of the ocean and in recent years

shoaling has occurred to such an extent as to build up proni-

nont sand spits,  This high rocky eape ends abruptly humedi-

ately west of the town of Ihwaco sad the eountey from that

point porthward is largely composed of low hills of Pleistocons

gravels,  Near the ocean a sandbar has been developed to the

north for oo distanee of RBleon miles,

LUTHD Loy

Fhe vocks invelved tn Cape Disappointment are entively ol

Sovene ape and composed of varied tepes of Lava Hows, inter

beddad shales and sandstones; tuffaceons lavers and fragmoentn

material. . Uhe sirface of the cliffs are coverad with polyoona

shaped blocks, due possibly to contraction at the thoe of cooling

A simtlur eondition prevails an the north side of MeKenzie Hoad

Along the castern shove of Hwaen Poind about onc-hialf mib

sauth of the town of Hwavo, shales and sawodstones arve inter

bedded with the lava. O thelr npper surfaces where they com

i contaet with other hasaltie flows they ave baked and shohtly

metamorphosed.  In places, especially at 4 point one ik

novth of Port Canhy barvaeks, hoth the veleanic Tayvers as wel

s bhe sandstones and shales are cut by dinbase dikess On the

opposite side al Hwaco Point north of MceRenzie Head simila

shales appear interbedded with basalt.  Heve they are hadly

bkl bwisted and squeszed as on the sastern sides - About one

» wssemblage of voles oeeurring
‘ - il rocks
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These ure Hemly comented dnd alwavs show conaderihile alter

bt [PLabes NIV and XV 0

Belare b e S b LB

Beeaise of the evushing whiel the Fodene poeks 10 Hwieo

Point bave undergone, the detaided stracture ix dithendt 1o de

tepmine, . Ubsersations faken on stoike and dip of the wmbee
beelded shudes nu Bhie castern side of the point show an average

stethe ool noarly novth and south with aodip raneing bebwesn

Hlii‘i‘}' il ﬁﬂ‘_’i* f’]tsgr‘rm« bo dhe enstoGhast enst ol this }‘mim‘

and onehatt adle cast of Heaco prominent exposures of ey
bidded shalos and sandstones outerop on the beach, These
Wive an average steike of North 800 Basts and dip about 57

West, Thore are no soleanic materials i this loeality and they

ave prestmably vouneer than the Bocene. TF so0 B sould
appenr to be a faalt fronding neaely north and south through
the fown of Hwaco which has thrawn the steabu on the onslern

sidle of Thieo Dot dowawards

LOWER COWLITE VALLEY ok

AGIADILND R RIBE N,

The ave dvalved G this partiealar distriet 5 sitated dn

the Cowlity Hiver sullev and extonds Tromn the tosn of Castle

Hoek northward o Winloek, o disbavee of abond Biteen miles,

Dhe darger part of Phis dbistanes s braversed by Gowhiby vy
which brends nenely sorth and south, but i Seebion U8, Town-
ship 11 North, Range 2 West, it fuens ahruaptly and exfonds
genriy diie enst toward B sominat of Hhe Caeeades. . AR the
bown of Winloek, ODliquah Creck avenpivg a wide valloy, trding
a Bittle west of couth to the town of Vader where it joins Still

water Crookl - Favthor soudly the Bafter ereik sinpdies into Cotes

b Riv
CHABAPTER BF BUToRaEe

Both siidey of the vallovs just mentioned s hovderad by Tow

wanded Bills, The cubive vepion has bien nore or Tess heavily
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seator and Oleguah ek Hhievs e oeensionnl sitberops of Bo-

et fomations. Phe Novthern Pacilie Hadwasy svade Leom

Castie Rock to Wanloek bies very cdlose to Conlite River and
also to Elequeh Creeks A o minber of doeadibies the wailway
ety have exposed - the Booene steatas & deaverse line bus
boen extended alog the wleav deack and sl sdong both
stilbeater and Ologuah crecks. Al of the Eocene exposures
Benve Boasd Bod dn w0 Bhad thely exnet position Das heen lboated,

Obsersations have beon Baken o steike and dip 8t cveey puing
posaible and bied o the traverse line, as sy be seen on Plate
Nyvh

Bogiining sl the town of Castle Boek s extending voetle
sard For o slisbones bf bwo anilos the vy pock bxposues s
hotizontally bedded gravels, oliovs and sods of Pleistocene age
Near the junction of Toutle and Cowlbiy vivers basalts wul
sy shades ave fomed mterbedded. Plhe basilts vecur ddis
tinetly as Hows wned oxhishit well defined  colummar stroetuee
Newmre the base of these Hows the lava s sonwhat tallacoens and
ngglomerntics From Poutle River northward for beo ks the
Focene formations ave oot caposed. The Best outerops o
eotnberedy bowever, are daterheddad bisalbie Hows el shales
Litedintely saulth of the wailway evossing of Cowlite River an
extensive basaltic fBow appears having a sbvike of Noth o
West andd woddip of 10 by the novthianst. Ao ecrossing owe
itz Ricer the Northern Pacifie Railway grade extends along
the wesb ade of Shlwater Creek to the fown of Yadero Exo
postires of Bocene vock are bo e fotnnd in the padleay cuts doy
a consuborable part of this distance. Dhe Torasdion s hiove
exposed consists of mterhedded paine and brackish water sand-
stones and shales together with mterhodded basalt flows. Tle
prevailing <trike of the formation i this viemity s North 80
Wit with dips bo the worthenst pnging from 200 ta B0
This portion of the formation s steatigeaphivally higher than
that just mentoned on the ratbvay coossing on the Cowlite and
Toutle vivers o Tt Bes steatipraphionlly bilow the Bos o

i
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posures extending up Stillwater Creek from its junction with

ol Crovk

Frome the juoetion of Oleguab and Stllwaker erecks oxs

postires of the Focene formation extend almost continuously

ap the former ereek to Winloek. No igncons rocks of any nature

were found in this portion of the series. The prevailing type

of rock is u shale or sandy shale. partly marine and partly of

brackish water ovigin,  The steata have o predominate north-

westerly strike with a very low average dip to the northenst.

In section 28, Township 11 North, Range 2 West at the hig

hend in Cowlitz River, steep cliffs of shale are xposd for a

distanee of one-half mile. . These eontain an extremely rich

i

wniring Téjon oo represeited by fossil loeddites Noo 989

anmdd 28980 The steaba ab this loealiby have w steike ol 45 to the

west and dhip ab an angde of 8 to the porthoet.  The intervin

g arven bebwern this loealite and Ologual Ceeck s eubieely

coverad with Pleistovese gravels and sund, . The same strata,

however, appear o pross Olegual Ureek in Beetion 8, Township

11 North, Range @ West AL this point on Oleguah Creck w

stndlar, althoueh ot so complete, marine Eocene Loann ovenrs,

Ab s point about one nide south of Wanlock station o the Lanks

ol Chequah Creel shales wre exposeds conbuming o wnrbic dn-

vertobirate fatna somewhat Jifforent from the undeelying Tejon,

A pumber of Oheocene species vectr, such s Nuenln dalli o

spa. Nelen parvallelus, saul Maceacolliste: pittshurezensis. Dadl

Phe strike of the steatn at this point s North 200 West and

Ehe ddip b0 e the nerthioast. Just aweth of Wanloek abatien

sintlay strata are exposad having o steke of North 750 West

sid s ddip of 290 be the morthenst. These shales pantain o

faiinn hiving Miocone characteristios,

BN TIGRARTIN,

Phe lowest Bocene beds exposad in the aren andier diseus

stoit wre to be found o the wardvosdd cuts ab the Toutle River

i

feue From
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Olequah northward o Winloek,  Albogother appeoximatly

vipht thousand doel of steatn wre dnvolvad. The contaet he
bween the Focene and Miseone 5 ad o paint about one and ones
half sdes south of Winloek, Whether the two formations are
aaeantornahh o not eould votl be ditermned. Phe steike andd
dip of the two are approximately the sone, 1 s possihle that
deposition went on continuonsly from BEoeene to Mioeene and
that the son-fossliferons shales inbervening may be Oligorens

RO STRECPEREL

Fhe predominant stracture dn the Cowlitz Valley vegion 1=
that ol o sortheasterly pibching monochine. From Castle Rock
navthwarnd to the pailway crossig ot Cowlite Hiver the proails
tng strike i nencly costoamd west with o dow dip rangme from
b ote 19 bo the werth. AL a point several haudeed Feet south
af the Conlitz River railway crossing, the Eoeene strata make
a shinep turn and sbitke bo the novthwest o achroetion appeaxic
mately Noeth 900 Woet, with 8 dow dip fo the northesst. . A u
point about 1,000 fet vorth of Vader these o shioht buckhog
of the steatu in the Hank of this northeasterly pitehing mono-
cling. The huekling i sufficient to formoa vers shallow anticline,
brending North B0 West and erossing Ologquah Creek about
theeectourths of aoanidde porth of Yader. Phe steaba oxposed ol
B axie of B buekle ar anbicline veappeny ol e sorlnes on
CHeguah Creckonenr its junehion with the Stillwaten

Novth oof Windoek Foeene exposives ave hoavily vovinad
with Plepstosene sands and ovavels Oecasional outerops of
sandstone pecur resting horizontal.  They fisst renppenr high-
Iy tilbed and pitebine o the seuth o the viebnly of Cheludis
T4 s peobuble that o brond senclingd Brough trending northwest
ancd southedst picipies the leteiing arvea hébwen Winlaok
and Chebindls nad that the extrome lower portion of He Dhigo

cone miny He dn s depression,
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CHAPTER 4

GLIGOUENE FORMATIONS

GEXERAL BSTATEMENT,

The use of the term Oligocene as applied to marine forma-
Hons of the Pacifie Const is involved in controversy.  Early

mvestioators of west coust geology divided the Tertinry into
the Eocene, Miocene and Pliocene periods.  Luter studies showed

that a well defined and widely spread unconformity cxisted in

.

the middle Mioeene, Certain deposits which had formerly heen

l‘c‘.‘g‘m‘d('{l as Mioeene were found to contain a fauna possessing

Jovene as well as Miocone charneteristies. . Such deposits wore

finally regarded ax being the same age as the Oligoeene of

Barope, A the prosont thoe there B oo general aoreomont
ot thie west const as to where the loe hebween the Oligocenc

aind fower Miocene shall be dawn,

To the western portion of Novth Ameries exbensive lieusteine

ared fund deposits were in existénce during the Dligoeene spoch.

Prow these deposits n vich Tossdl mammalian Fauna has been

collected,  Drebaided shuchies Bipve heen made an the dvolithionaey

development of these forms of life md as a0 vesult o s possible

tor vecaonive soveral divisions of the Oligoecne.  Unfortunately

ap o the present Hme # has nob been possible to corvelute the

Oligocene lund deposits of the Greal Basin and Rocke Moun-

brein vegions with the deposits of wmarine ovigia i western Cali-

Fornin Dregon and Washington.
Ditving the past Bwenby vewrs certain fossiliforous straka

geetirring ab Astoria, Oregon, have heen reencnized as Oligos
cenc. The shales and sandstones sxposed along the sauth shores
al the Steaik of Juan de Fuca and ab te onbrance to e Brome
ertore Nave Naed have in paot been veferred to as Oligocens,
Poorly preserved faunas have been found o shales in Hie Const

Ranges south of Ban Franciseo and have boen diseribad we the
Sun Lovenzo formintion. This Formation & vepardad as Oligs.
eerte and the Oligocene steaka of Washineton and Orvepon have

iopart Been correlited with it
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166 Bulletin No. L3, Washington Geological Survey

Oligocene deposits of westorn Washington are for the wost

part of warine origin. - They have tobul ngeregate thickness

of 15,000 feet and oceur along the south side of the Steail of

Juan de Fuen, in the Puget Sound Basin and i southwestern

Wishington.  Marine faunas are abundant and constitute sev-

cral Pl zones. . Plhe ternn Clallan Formation s apphied b

those steada

FAUNAL ZONES

"Theee Faunal zones are recognized m the Oligocene of west-

ern Washington. The strata containing cach of these faunus

are referred to us horizons.  The faunal zones heginning with

# W £
the oldest are the Molopophorous lincoluensis Zone, the Ture-

tella. portevensis Zone and the Acila geftvaburgensis. Yone

The corvesponding . sedimentioy. borizons identificl by these

ponies are designated as the Lineoln, Porter and Bhakelew. - The

Fanmas oceurring in ench of the above zones are distinet and

many of the speetes do not vange into the senes above or below,

Theve does not seem o be sifficiont evidenee at the present ting

ti wareant subdividime the Oligocsne into three formations.

MOLOPGDIIGROLE LINCOLNEXEIR SR E

The type section in which this zone oceurs s situated in

santhwestern Thurston and northeestorn Laowp counbics, ud

pecupies an arca of about 40 square miles, The distribution as

mdicibed ipon Plate TH 38 only appradimate. 'Phe dontidt Bines

have been dreawn upon the basis of sery poor field evidenee. Tt s

quite possible that eortain shales occureing in Chehalis County on
Porter Cveck 1 Sechions 11 and 1, Township 1T North, Range

3 West, may eontain a faunn belonging to this sone.  The samly

shades suteropping u the banks of Oleguah Creek in Scetions 28,
29, 40, 41, 39 and 88, TPownship 12 Nerth, Bonge 2 Wk, near

Winloeks are presumably o part of the Lincaln Horpon? Lhe

surface outerops arve lnited and wee included on Plate 111 with

!

DNR-00005155



and eonglomerates at Hich Passauc, iy slser 1 purt bedong

boobhis horizon

The st eharachorisbic specivs of s sone aves loile

sichmerels. Dol Covdiowm Torensapene L Avald ) Crassatelliden

washingtonensts Wonvers Glycheris ehehalisionsts Waonnor, Pir-
wvin dalli Weaver, Macrovallnte pittshuravnsis Tl Dentoling

subistrapimenm Uanrad, Calyplrave eaventvica (Gabh), Exdlia

#

dickersone [ MWenver Vo Eaedioe Hineoluensis Wenser, Hewlifuans

washingtonensin Woaver, Deillic ievood { Avnoldy, Nation hine
cetnenvis Weavere Molopophorovs torenlnenssy Wenver, Strop

siduva woshingtonensis. Wenver, and  Furris Hhurdonensis

Wover

Fhe Tollowing spreivs sre common to the marine Pogon oo

enpring b laeality 1 oon Cowlite River viit 01 Nadee ol the

Molopophorous bncoluensis dome:  Crassatelliies washinpton

ensie Wenver, Beda wibibi Convad, Solen parallebies Gabb, Do

fplinm substraminenm Gabbe Colupdroen coventrion {Gabhy

Eethia dickersoni (Weavery, Hemiluans washingtonensis Waoneo
sy and Strepsidure o poniensts Dall

Lhe followine species dee common Ao the Malopophorous

Bresdnends Bane and the Torvitelln portovenss Zone s Uandinm

Lavenzanam EAvanld 5 Crenlly porberonsis Wikver, Denlalivm
sihatraneenm. Gabb, Dieillio hecont {Avnold), ood Natwa
rshinglonensis Weasver,

Sieh tars o Harein arcgononsis Uonvad, Phacondes avnd.
dimewtus Conouly Thyoslra bisecta (Wonrd . and Thraniu
frapesoides Convad e sntively ahsent from the Malapaphers
ous brealonsis Zones althoueh ther e nmong the most ehaes
acterisbic spopries do bbe Paeribela porterensis Zone ot Povter,
Fhe Buni s w0 whale B distinet Team the Togon Baana Dol
sl the Tureitelln porteransis Zone abiove,

TUHRITELLA PoRTRRENSS posn

The fvpe loeality i which the deposits tontuinmg this
Eitna peetir s loented in Goavs Flarbor County, in Pownship 17
North, Runee 3 Wil Hosailiforous marine éhiata ocom g

Phe bioits of Chohalis Biver both sast o and wost of Hhe town of
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Porter as well as on Porter Creck,  Similar deposits ocenr at

different loealitics o Lankuer Crock bo the south of € hehalis

River in Township 17 North, Range 6 West.  The faunas of

Hlis vone wre distinetly different fron the underlving Mol

pophorous lincolnensis Zone as well as the Aala gettysburg-
ensis Zone of the Puget Sound region.  The most common

species oecurring in this zone ave:  Cardion lorenzanum (Ar-

wold), Crenella porterensis Woaver, Malletia chehalisensis Ar-

nold, Marcia oregonensis (Conrad), Thracia trapezoidea Con-

vndy, Thyasiva bisecta (Conrad), Phacoides acutilineatus (Con-

vad). Drillia heeowi (Arnold), Eailia Lncolensis Weaver, and

FPurritella porterensis Weaver,

Those Fornis which are eonunon to the Molopoplioveis T

colnensis Zone and to this z2one e alveads been mentioned,

Muny of the species oceurring in this zone are very eommon

to-the Acila petbyshurvpensis Zone and ot s possible that the

extrome lower portion of the strabigraphic scetion exposed at

the enteance o the Bremerton Navy Yard may be the equiva-

lenik of the upper beds at Porter. Buch species as deie gelttys
huargensis Reagan, Mocrovellista vesperting [ Conrad), Modio-

[us directus Dall, Panope gencrosa (Gould), Eudolium petro-

sum- Conead: Poercienla weashingtoniona Datl and  Parvitella

purterensis Wenver which are very eharneteristioc of the Avila

gettyshurgensis Zone are entively ahsent from the Turritelln

porterensis Zone.  The dark eoloved shales exposed three miles

west of Port Creseent in Clallam County may belong to the

Porter Hovizon.

AUILA PP BRT NSRS SOsD

Phe bype sechion of the Aetdn pelbyvsburgensis Zone s fo

be foumd within the steaba outeropping ab the subrance to the

Bremerton Navy Yaud Fscollont exposures containing mi-

rine fossils oceur at the south end of Bainbridge Island as well

an o the ¢ to south. The deposits o of
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most steatn swhich are exposed outersp al Oreband Point and
thie highest on the noeth shores of Blakeley Havhor,  Detuiled
steatizraphic surveys show Bhat the conplonierates at Orchand
Pt are bidow the sandstones and shalesiat Bean Point on
Bainbendee nlund sl that the beds wi Bean Point are abont
L0000 deok below the Tossibiforons sbiate ot Restorntum: Poiil
The faunn ovenrring withon the lower portion of the Bromer-
ton Inlid secbion are adenbical wath those at the woll known b
eatibe Just noeth of Resddoradion Point

The Acila getbyshorgensis Zone s veprosentod within the
ciby fnats of Seattle, Newenstle THs Cathenvt and alone th
Hbeait of Junn de Pues from o point bwo pnles wist of Gettes
burg westerly o oo pomt hallvay bebween Pwin River and
Pysht,  The conglomerntes and overlying shales exposed along
the north portion of Cape Flatbers and along the Steait of
i de Fuen sesterly o the month of Selin Ravie also eand
bain fannns holonging to this zone

The species most connnon to this gone are:  doila gettyn-
burgensis Reagan, Macrocallista vesperting {(Conend), Marcia
aregonensts (Conrad), Modiolus rectus Dall, Punope oeneroso
tGoulidy, Phovoides aentilinentus (Convady, Spisida olbaria
Conrid L Solemaa ventricosta Convady Tlling oreponensly
Convndy Thracia trapesordea Conendy Phwosira biveeta (Cons
vad b Crepiduln gpracrepta Convads Endolivm petrosim £on
eadke Miopleiong tudarata Conead, Turcicela washingtoniano
Daall, snd Purraelly blakilegensis Wioaver,

A Bt of Hw speeios known to seenr in the Oligoeone and
lower Miocone of wostern Washington follows. This table nlse
includes o Bist of speeies aceurring at the more important loo
cadities. A peference list of the localities mny he referrad to
i pae 204
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